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The activity of our Laboratory at the end of the last Century and the results of the 
intensive international joint research programs increased the scientific production. This 
is the reason that another number of Plant Cell Biology and Development will appear 
this year. As it was emphasized in the previous, jubilee number this year is an important 
date in Hungary, for the Hungarian Academy of Sciences, and for our Laboratory. The 
10th Anniversary of the Laboratory will be held 21th August, 2000. After the 5th Anni-
versary each year there was an exclusive reception in the Laboratory. At this occasion 
the honours of the Laboratory were awarded. Till this time a Diploma and the Com-
memorative Medal were the awards of our Laboratory. For the really very important 
date another medal was founded, the Millennium Medal of the Laboratory. Two silver 
and 14 copper alloy medals will be distributed only. The Chronicle of the number 13, 
the first number of the new Millennium will summarize the most important events of the 
Laboratory including the holiday. 
Regarding the Editorial Board there is one change. Dr. Ann CADMAN for two years 
left the University of Johannesburg, and for this period Dr. M. BAMFORD will replace. 
Another change is that the higher educational institutions of Szeged have been unifited, 
so the new name of the University is University of Szeged. The position and the name of 
the Laboratory is unchanged in contrast to some untruthful informations distributed by 
E-mail by some persons. 
Concerning the cover of Plant Cell Biology and Development, the decision of the 
staff of the Laboratory was the following: Guarding the traditional format with such 
changes which are distinctive between the numbers of the last and the new Millennium. 
This number first represents this new format. 
For the financial support in the publication of this number I would like to say thanks 
to Grant OTKA T/9 02308, and AKP 98/26.2,5/23. 
Finally, many thanks to Prof. Dr. C. ALVAREZ RAMIS catedrático for her kindness, 
writing appreciating comments to the 10th Anniversary of our Laboratory. During the 
last times there is a very intensive connection between the Department of Paleontology 
of the Universidade Complutense de Madrid and the Cell Biological and Evolutionary 
Micropaleontological Laboratory. 
Szeged, 1. June, 2000. 
M . KEDVES 
Head of the Laboratory 
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COMENTARIOS ACERCA DE LAS INVESTIGACIONES CONJUNTAS ENTRE 
EL LABORATORIO DE PALEOBOTÁNICA DEL DEPARTAMENTO DE 
PALEONTOLOGÍA (UCM) / UEI DE PALEONTOLOGÍA DEL INSTITUTO DE 
GEOLOGÍA ECONÓMICA (CSIC) DE MADRID Y EL CELL BIOLOGICAL 
AND EVOLUTIONARY MICROPALEONTOLOGICAL LABORATORY DE 
SZEGED 
Mi conocimiento con el Profesor Dr. Miklós KEDVES data de 1986. El encuentro tuvo 
lugar en el marco de la celebración, en Salamanca del VI Simposio de Palinología en el 
que presentó una comunicación: - "Dégradation experimentale de la paroi pollinique" -
Nuestra participación al Congreso, - aparición de microconos conteniendo "in situ" 
formas polínicas, - le interesó vivamente y a través de las conversaciones mantenidas 
durante el Simposio coincidimos en la forma y aspectos que creíamos debían seguirse 
en Paleobotánica para conseguir resultados fiables. 
Desde ese año intercambiamos nuestras publicaciones sin interrupción y le cursamos 
varias invitaciones con el fin de que visitara los yacimientos cretácicos del Borde Sur de 
la Sierra de Guadarrama. Estos intercambios fueron correspondidos por la Universidad 
József Attila de Szeged. 
En 1989 fué invitado a participar en la II Conferencia Europea de Paleobotánica que 
organizamos en el Departamento de Paleontología en la Universidad Complutense de 
Madrid. El Dr. KEDVES abrió el evento con la conferencia "New trends in Micropale-
ontological researches". Durante posteriores estancias en Madrid dictó otras tres confer-
encias. 11" 
La Academia de Ciencias de Hungría y el Consejo Superior de Investigaciones Cien-
tíficas nos concedieron proyectos de investigación conjuntos y numerosas estancias en el 
marco de los Acuerdos bilaterales entre España y Hungría. 
Como fruto de nuestra colaboración hemos publicado 6 trabajos en revistas españolas 
y húngaras. 
En el IX Simposio de Palinología (APLE) celebrado en las Palmas de Gran Canaria 
en 1992 así como en el XI Simposio del APLE que tuvo lugar en Alcalá de Henares en 
1996 presentamos los resultados de nuestras comunes investigaciones. 
Todos los colaboradores españoles que hemos tenido la satisfacción de participar en 
estas investigaciones, especialmente M a Teresa FERNÁNDEZ MARRÓN, Pilar CLEMENTE 
BELMONTE, Paloma GÓMEZ PORTER y la firmante de esta nota felicitamos al Prof. 
KEDVES en el décimo aniversario de la creación del Laboratorio de Biología celular y 
Micropaleontología evolutiva, de la Universidad de József Attila de Szeged. 
C o n c e p c i ó n ALVAREZ RAMIS 
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1. LM AND TEM INVESTIGATIONS ON THE UPPER CRETACEOUS 
AJKAITE, OF HUNGARY I. 
M . KEDVESI, M . SZÖNOKY2, M . MADARÄSZI, a n d G . KOVÄCS3 
1. Cell Biological and Evolutionary Micropaleontological Laboratory of the Department of Botany of 
the University of Szeged, H-6701, P.O. Box 993. Szeged, Hungary, 2. Department of Geology and Paleon-
tology of the University of Szeged, H-6701, P.O. Box 658, Szeged, Hungary, 3. Department of Mineralogy, 
Petrography and Geochemistry of the University of Szeged, H-6701, P.O. Box 651, Szeged, Hungary 
Abstract 
The fossil resin, (amber) occurring in the brown coal basin of Ajka in Hungary was denominated as 
Ajkaite. Multidisciplinaiy researches were started in our Laboratory on this kind of amber with the following 
purposes: 1. LM investigations on the plant microfossils (spores, pollen grains, tissue remnants) of the amber 
containing brown coal samples and other sedimentary types of the brown coal basin of Ajka. 2. Transmission 
electron microscopy of the Ajkaite to investigate the ultrastructure of the embedded organic material. 3. The 
aim of the first rank is to discover spores and pollen grains with well preserved intine and protoplasm in the 
Ajkaite and investigate the ultrastructure of the fossil protoplasm. In this first paper some previous paly-
nological data of the investigated amber embedding coal sample, and the first TEM results on the organic 
material of some Ajkaite samples are presented. 
Key words: Ajkaite, LM and TEM study. Upper Cretaceous, Hungary. 
Introduction 
The investigation of the chemofossils of amber to establish the "amber tree" was the 
subject of several papers. Gymnosperm origin: Possibly Taxodioxylon sp., HEY (1962), 
Cryptomeria (Taxodiaceae), Cupressaceae, HEGNAUER (1962), Agathis, THOMAS 
(1969), Araucariaceae, GOUGH and MILLS (1972). Angiosperm origin: Hymenaea, 
Fabales LANGENHEIM (1966), Pistacia, LANGENHEIM (1969), Burseraceae, VAVRA 
( 1 9 9 1 ) , KOSMOWSKA-CERANOWICZ, KRUMBIEGEL a n d VAVRA ( 1 9 9 3 ) . 
The well preserved animal remnants in the amber were well known a long time ago. 
WALTHER (1911) summarized that about 20.000 fly, and 13.500 further different kinds 
of arthropodous specimens were previously described. GYORFFY (1929) summarized the 
fossil moss taxa which were determined from amber samples of different ages. Among 
recent monographs those of POINAR Jr. (1992), was reviewed by WHALLEY (1992). First 
TEM results on the soft tissue of fossil fly (Mycetophilidae: Diptera) were published by 
POINAR Jr. and HESS (1982). Nucleus, cytoplasmatic vacuoles, cytomembranes, mito-
chondria, endoplasmic reticulum, plasma membrane were discovered. 
From palynological point of view extremely important results were presented by 
DEJAX (DE FRANCESCHI, DEJAX and PLOEG, 1999); at the XVIth A.P.L.F. Symposium. 
Pqllen grains were investigated with the LM and SEM method isolated from the amber 
of Sparnatian sediments of the Paris Basin. Based on the presented LM data the intine 
and the protoplasm were in excellent preservation. This called our attention for the 
combined investigations on the fossil resin of Ajka. 
The aim of our investigation is the following: 
1. To investigate the full plant microfossil assemblages (spores, pollen grains, plant 
tissue remnants) of the Ajkaite containing brown coal in taxonomical, taphonomical and 
in paleoecological point of view. 
2. To start to elaborate methods for the transmission electronmicroscopical investi-
gations of the Ajkaite together with the embedded organic material. 
3. Combined investigation of the ultrastructure of several Ajkaite samples, in the 
hope that well preserved protoplasm will also be found in the fossil spores and pollen 
grains. In this respect the early Brevaxonate pollen grains (Normapolles) seem to be the 
most importants for our researches. 
Previous results on the amber containing brown coal layers of Ajka 
HANTKEN (1867) published first that the brown coal of Ajka contains amber. SZABO 
(1871) established that the resinous remnants increase the caloric value of the coal. 
HLASIWETZ (1871) analyzed first the chemical compounds of the Ajkaite. 
ZECHMEISTER (1926) investigated the origin of Ajkaite and he classed into the suc-
cinite and retinite. ROZLOZSNIK (1940) believed that the Ajkaite based on the chemical 
composition may be classed between the resinite and trinerite. SZADECZKY-KARDOSS 
(1953) observed a process of the liptobiolith and he concluded that the coal of Ajka 
originates of karstic swamp wood. The acidic water of the karstic swamps was neutra-
lized or alkalined by the limestone and the microorganisms became very numerous. The 
sulphur content of the proteins of the microorganisms accumulate in the brown coal. 
PAAL (1961) pointed that in the V. layer of the Kossuth pit the amber is common, but 
the microspores are sporadic. As regards the origin of the Ajkaite PAAL (1961.) based on 
an unpublished paper of TASNADI-KUBACSKA and GOCZAN emphasized that these may 
be the product of tropical decidous woods similar to kopal. In the same year, 1961 
GOCZAN published the following; p. 796: "Das Ajkait ist wahrscheinlich ein fossiles 
Harz einer Kopal-Art." 
GREGUSS (1949) described as Podocarpoxylon ajkaense n. sp. a fusit remnant from 
the coal basin of Ajka. The fossil material was compared with the recent Podocarpus 
neriifolius, and an oceanic clima was reconstructed. Palynological researches were car-
r ied ou t by GOCZAN (1964) , GOCZAN, GROOT, KRUTZSCH and PACLTOVA ( 1 9 6 7 ) , KOHN 
(1969), etc. 
Two kinds of material are the subject of our first investigations: 1. Collection of Ass. 
Prof. M. SZONOKY (Department of Geology and Paleontology of the J.A. University, 
Szeged), 2. Samples collected by G. KovAcs PhD Student from the spoil-bank of the 
Ajka mine. The brown coal samples were treated with the HNO3, KOH, and HF method, 
the slides were mounted in glycerine-jelly hydrated of 39.6 %. For transmission elec-
tronmicroscopical investigations small pieces of Ajkaite were placed into the gelatine 
capsules and some drops of propylenoxyde were added to dissolve the surface of the 
Ajkaite. We used partial and complete dissolution of the Ajkaite, some samples were 
Materials and Methods 
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embedded in Araldite (Durcupan, -Fluka) without previous propylenoxyde treatment. 
The ultrathin sections were made with glass knives on a Porter Blum ultramicrotome in 
the Electron Microscope Laboratory of the Department of Biophysics of the Biological 
Research Center o / t h e Hungarian Academy of Sciences. The TEM pictures were taken 
on a Tesla BS-540 instrument (resolution 6-7 Â). 
Results 
Spores and pollen grains isolated from the Ajkaite containing brown coal 
Spores 
Appendicisporites cf. tricuspidatus WEYLAND et GREIFELD 1953 (Plate 1.1., fig. 1), 
Punctatisporites aquisgranensis WEYLAND et KRIEGER 1953 (Plate 1.1., figs. 2,3). 
Pollen grains 
Gymnospermatophyta 




Hungaropollis ajkanus GÔCZÂN 1964 (Plate 1.1., figs. 5-8), H. krutzschi GÔCZÂN 
1964 (Plate 1.1., figs. 9-10), Hofkeripollenites hemimechanicus (PFLUG 1953a) KEDVES 
et HERNGREEN 1980 (Plate 1.1., figs. 11,12), TrUdopollis articulus WEYLAND et 
KRIEGER 1953 (Plate 1.1., figs. 13,14), Minorpollis gallicus KEDVES 1969 (Plate 1.1., 
figs. 15,16), Semioculopollis cf. maestrichtiensis KEDVES et HERNGREEN 1980 subfsp. 
maestrichtiensis (Plate 1.1., figs. 17,18), S. granulosus KEDVES et HERNGREEN 1980 
(Plate 1.1., figs. 19,20), S. croxtonae KEDVES 1980 (Plate 1.1., figs. 21,22), Oculopollis 
minoris KRUTZSCH 1973 (Plate 1.1., figs. 23,24), O. orbicularis GÔCZÂN 1964 (Plate 
1.1., figs. 25-28). 
In the slides some gymnosperm secondary woody remnant was also observed (Plate 
1.1., figs. 29,30). The areolate pitting is of modern type, which also occur in the tropical 
Podocarpaceae family. The Oculopollis ïsp. containing amber piece (Plate 1.1., fig. 31) 
is important in the forthcoming researches. 
Transmission electron microscopy of some Ajkaite samples 
During our TEM investigations we have observed different kinds of organic rem-
nants. The MAT system (Matière Amorphe en Transmission) which was introduced by 
LUGARDON, RAYNAUD and HUSSON (1991) was followed. But further T E M data from 
kerogene samples were also used. 
Sample 99-KG-l (Plate 1.2., figs. 1,2) 
The organic material consists of two kinds of substances of different electron density. 
There are holes of different size in the amber embedded organic matter. The relatively 
small electron dense particles are mostly globular occasionally elongated or amorphous. 







I. Appendicisporites cf. tricuspidatus WEYLAND et GREIFELD 1953, slide: KG-99-5; cross-table num-
ber: 19.6/126.8 
2,3. Punctatisporites aquisgranensis WEYLAND ct KRIEGER 1953, slide* KG-99-5\ cross-tflble number! 
18.2/128.4. 
4. Araucariaciles australis COOKSON 1947, Araucariaceae, slide: KG-99-2; cross-table number: 
20.6/133.7. 
5,6. Hungaropollis ajkanus GÓCZÁN 1964, slide: KG-99-3; cross-table number: 18.5/137.2. 
7,8. Hungaropollis ajkanus GÓCZÁN 1964, slide: KG-99-3; cross-table number: 23.6/130.9. 
9,10. Hungaropollis krutzschi GÓCZÁN 1964, slide: KG-99-2; cross-table number: 9.3/129.3. 
II ,12. Hofkeripollenites hemimechanicus (PFLUG 1953a) KEDVES et HERNGREEN 1980, slide: KG-99-4; 
cross-table number: 12.3/125.4. 
13,14. Trudopollis articulus WEYLAND et KRFFIGER 1953, slide: KG-99-4; cross-table number: 20.7/140.9. 
15,16. Minorpollis gallicus KEDVES 1969, slide: KG-99-4; cross-table number: 19.2/128.1. 
17,18. Semioculopollis cf. maestrichtiensis KEDVES et HERNGREEN 1980, slide: KG-99-5; cross-table 
number: 11.9/135.2. 
19,20. Semioculopollis granulosus KEDVES et HERNGREEN 1980, slide: KG-99-5; cross-table number: 
23.6/137.6. 
21,22. Semioculopollis croxtonae KEDVES 1980, slide: KG-99-4; cross-table number: 15.2/137.2. 
23,24. Oculopollis minoris KRUTZSCH 1973, slide: KG-99-4; cross-table number: 9.4/126.1. 
25,26. Oculopollis orbicularis GÓCZÁN 1964, slide: KG-99-2; cross-table number: 11.6/128.4. 
27,28. Oculopollis orbicularis GÓCZÁN 1964, slide: KG-99-3; cross-table number: 12.9/126.7. 
29. Gymnosperm tracheid with areolate pits, slide: KG-99-4; cross-table number: 13.4/133.1. 
30. Gymnosperm tracheid with areolate pits, slide: KG-99-2; cross-table number: 9.3/124.6. 
31. Oculopollis fsp. pollen grains containing amber piece, slide: KG-99-2: cross-table number: 
12.2/129.4. 
Plate 1.2. 
1,2. infrastructure of the MAT of the Ajkaite sample No: 99-KG-1. 
1. Negative number: 7792, 15.000x. 
2. Negative number: 7793, 50.000x. 
3,4. Ultrastructure of the MAT of the Ajkaite sample No: 99-KG-3. 
3. Negative number: 7795, 15.000x. 
4. Negative number: 7796, 50.000x. 
Plate 1.3. 
1 -6. Ultrastructure of the MAT and the Ajkaite of the sample No: 99-KG-4. 
1. Negative number: 7799, 5.000x. 
2. Negative number: 7800, 15.000x. 
3. Negative number: 7802, 50.000x. 
4. Negative number: 7802, 15.000x. 
5. Negative number: 7804, 15.000x. 
6. Negative number: 7702, 15.000x. 
Sample 99-KG-3 (Plate 1.2., figs. 3,4) 
The substance of the organic material is spongy, with different kinds of holes of dif-
ferent size. Sometimes not characteristic lamellar structure is present. There are some 
similarities with the picture published by LUGARDON, RAYNAUD and HUSSON (1991), 
PI. II., fig. 2, from the sample of Upper Cretaceous of Oman, and DERENNE et al. (1991) 
from the Gloeocapsomorpha prisca from Estonian Kukersite, K1 A and B. The electron 
dense particles are in general elongated. 
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The TEM results of this sample are the most interesting, because of the variety of the 
observed ultrastructures. Similar to the "small elongated bacteria-like bodies" of 
LUGARDON, RAYNAUD and HUSSON (1991), PI. II., fig. 7, from the Upper Cretaceous, 
Oman were also observed (Plate 1.3., figs. 1,2). Characteristic strands or lamelles (Plate 
1.3., fig. 3), with electron dense globular particles (Plate 1.3., fig. 4) were observed. Cf. 
LUGARDON, RAYNAUD and HUSSON (1991), DUBREUIL, et al. (1989) from the Darwin 
Coorongite (Australia) and TEMPUER et al. (1992) from the A and B races of Botryo-
coccus braunii KUTZ., after lipid extraction. There are holes in the amber (Plate 1.3., 
figs. 5,6) with globular electron dense particles. Picture 5 in Plate 1.3., illustrate globu-
lar electron dense particles in linear arrangement, which may also be of bacterial origin. 
Discussion and Conclusions 
This paper as it was emphasized presents the first results of the new research pro-
gram of our Laboratory. 
We have to point that in the future large LM investigations will be carried out on the 
sporomorphs of the Ajkaite containing layers and the woody remnants. Based on our 
preliminary data the investigated material may be identical with the "Upper part of the 
palynological zone B" Santonian of GOCZAN (1964). Regarding the secondary woody 
remnants, till this time we have observed only fragments of gymnosperm tracheids. The 
areolate pitting of the wall is modern, similar to some of the Podocarpaceae (cf. Podo-
carpoxylon ajkaense GREGUSS 1949), or with some so-called modern coniferous taxa. In 
this way the genus of Pinus is also possible. But it is necessary to emphasize that till this 
time Araucariaceae secondary woody remnant was not observed. The areolate pitting of 
the radial wall of the tracheids is very characteristic (cf. GREGUSS, 1955, 1972) as well 
as the pits of the cross fields. 
As regards the TEM investigations, in this moment it is the most important that the 
ultrathin sectioning of the amber was successful, and the organic material was suitable 
for TEM investigations together with the amber. A remarkable number blocks will be 
ultrathin sectioned and investigated with transmission electron microscope. Preparation 
of further material for TEM investigations is in progress. We planned to select the spo-
romorphs containing Ajkaite pieces under the light microscope. 
Our preliminary data on the MAT of the Ajkaite are encouraging for further remar-
kable results. 
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2. UPPER CRETACEOUS POLLEN GRAINS FROM EGYPT V. 
M . KEDVES, J. SASHALMI and D. TOMBÄCZ 
Cell Biological and Evolutionary Micropaleontological Laboratory of the Department of Botany of the 
University of Szeged, H-670!, P.O. Box 993, Szeged, Hungary 
Abstract 
Species of the following form-genera are presented in this paper: Scabradiporites VARMA et RAWAT 
1963, Oculopollis PFLUG 1953b, Semioculopollis GÖCZAN, KRUTZSCH et PACLTOVA 1967, Minorpollis 
KRUTZSCH 1959, Triatriopollenites PFLUG 1953a emend . KEDVES 1982 in KEDVES et RUSSELL, Myrtacei-
dites (COOKSON e t PIKE 1 9 5 4 ) POTONLE 1 9 6 0 , Retitriporiles (VAN DER HAMMEN 1 9 5 6 ) GONZALEZ GUZMAN 
1967, Beaupreaidites COOKSON 1950 ex COUPER 1953, Guzmanipollenites n. fgen., Scabratriporites VAN 
DER HAMMEN 1 9 5 6 , Syncolporites VAN DER HAMMEN 1 9 5 4 , 1 9 5 6 a n d Triporopollenites PFLUG e t THOMSON 
1953. One n. fgen. and five n. form-species are described. 
Key words: Palynology, fossil, Brevaxones, Upper Cretaceous, Egypt. 
TURMA: POROSES (-POROSA NAUMOVA 1937, 1939) POTONLE 1960 
SUBTURMA: DIPORINES (-DIPORINA NAUMOVA 1937, 1939) 
Form-genus: Scabradiporites VARMA et RAWAT 1963 , 
Diporate, scabrate polled grains. 
1. Scabradiporites fsp. A 
(Plate 2.1., figs. 1,2) 
Description: Amb ellipsoidal. Surface scabrate. The exine is very thin, 0.3-0.4 pm 
and its layers were not discernible by light microscopy. Pore diameter is 4-5 pm, with 
an irregular margin. 
Diameter: 24 pm. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Abu Minquar (4-3) infrequent. 
2. Scabradiporites fsp. B 
(Plate 2.1., figs. 3,4) 
Description: Elongated, relatively narrow pollen grain. Surface scabrate. The exine is 
0.8-1 pm thick and the three ectexine layers are equal, T/I/F = 1/1/1. Pore diameter is 
0.6 pm, and at one aperture an atrium-like structure was observed, probably a result of 
the preservation. 
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Diameter: 26 pm. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Kharga (1-28) infrequent. 
SUBTURMA: TRIPORINES (-TRIPORINA NAUMOVA 1937, 1939) 
INFRATURMA: NORMAPOLLES PFLUG 1953b 
New key for the Normapolles taxa was published by BATTEN and CHRISTOPHER 
(1981). 
Form-genus: Oculopollis PFLUG 1953b 
For the occurrence of this genus in Africa, see the publications of PETROSJANTZ and 
TROFIMOV (1971); Upper Cretaceous, Sahara and PETROSJANTZ and TROFIMOV (1975) 
?Danian - Paleocene, Sahara. The first SEM data on the oculata Normapolles was pub-
lished by KEDVES and RADVÁNSZKI (1975), and a characteristic sculpture was demon-
strated by this method. TEM data from HEGEDŰS, KEDVES and PÁRDUTZ (1971), 
MÉDUS ( 1 9 7 5 , 1977) and KEDVES ( 1 9 9 0 ) . 
1. Oculopollis pertinax (PFLUG 1953a) PFLUG 1953b 
(Plate 2.1., figs. 5,6) 
Description: Amb triangular, with convex sides. The apertural area is prominent. Sur-
face granular to finely rugulate. The inter-apertural exine is 1.8-2.2 pm thick. The in-
fratectum is a little thicker than the tectum and the foot layer. The structure is not dis-
cernible by optical microscopy, but is probably granular. The radial diameter of the 
oculi is 13-15 pm. The surface is mostly finely granular. The ectoapertures are rela-
tively long colpi, which usually reach the level of the endoaperture. There is a very nar-
row vestibulum. The endoapertures are pori about 1.5-2 pm in diameter. 
Diameter: 32 pm. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, fm. 
indet.: Oweina (1) infrequent. 
Form-genus: Semioculopollis GÓCZÁN, KRUTZSCH et ^ACLTOVÁ 1967 
The oculi are present on only one side of these pollen grains. This characteristic fea-
ture separates it from Oculopollis PFLUG 1953b. 
1. Semioculopollis croxtonae KEDVES 1979 
(Plate 2.1., figs. 7,8) 
Description: Amb triangular, with straight or concave sides. Surface granular or 
finely verrucate. The inter-apertural exine is 2-2.5 pm thick, the infratectum is thicker 
than the tectum and the foot layer, T/I/F = 1/2-3/1. Structure is not easily discernible by 
light microscopy, probably granular. The oculus is present on one side, its radial diame-
ter is 8-12 pm. Annulus is 5-6 pm thick, the foot layer is thickened around the endopore, 
it is a 1.5 pm thick endotumescens. 
Diameter: 25 pm. 
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Occurrence and frequency in the samples investigated iront Egypt: Maestrichtian, fm. 
indet.: Oweina (1) infrequent. 
Form-genus : Minorpollis KRUTZSCH 1959 
Small, triatriate pollen grains, with elongated ecto- and endoapertures. 
1. Minorpollis gallicus K E D V E S 1969 
(Plate 2.1., figs. 9,10) 
Description: Amb triangular, with convex sides. Surface scabrate. The exine is 0.3-
0.6 pm thick, but its stratification and structure is not discernible by optical microscopy. 
The annulus is about 0.8 pm thick. The exoaperture is 1-2 pm in diameter. 
Diameter: 12 pm. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Farafra (6-2-1) infrequent. 
2 0 ^ 
Plaie 2.1. 
I,2. Scabradiporites fsp. A, slide: Abu Minquar-4-3-5; cross-table number: 15.7/109.8. 
3,4. Scabradiporites fsp. B, slide: Kharga-1-28-4; cross-table number: 17.6/119.9. 
5.6. Oculopollis pertinax (PFLUG 1953a) PFLUG 1953b, slide: Oweina-1-1; cross-table number: 9.9/107.2. 
7,8. Semioculopollis croxtonae KEDVES 1979, slide: Owe ina - l - l ; cross-table number: 4.8/114.8. 
9 ,10 . Minorpollis gallicus KEDVES 1969. slide: Farafra-6-2-1-8; cross-table number: 9.7/105.8. 
I I , 1 2 . Triatriopollenites cf. pseudogranulalus (GLADKOVA 1965) KEDVES 1974, Myricaceae, slide: 70-1-7-
2-4; cross-table number: 16.4/109.5. 
13. Triatriopollenites grandis (GLADKOVA 1965) KEDVES 1974. Myricaceae. slide: 70-1-7-2-6; cross-
table number: 20.3/102.3. 
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INFRATURMA: POSTNORMAPOLLES PFLUG 1953b 
Form-genus: Triatriopollenites PFLUG 1953a emend. KEDVES 1982, in KEDVES et 
RUSSELL 
New taxonomical concepts were introduced for this triatriate pollen grains by 
FREDERIKSEN and CHRISTOPHER ( 1 9 7 8 ) and KEDVES (1982) . 
1. Triatriopollenites cf. pseudogranulatus (GLADKOVA 1965) KEDVES 1974, Myricaceae 
(Plate 1.1., figs. 11,12) 
Description: Amb triangular, with convex sides. Surface punctate-granular. The inter-
apertural exine is 1.5-2 pm thick. The infratectal layer is a little thicker than the tectum 
and the foot layer. Structure is not discernible by optical microscopy, probably granular. 
The annulus is 2-2.7 pm thick, the ectoaperture 2-3 pm in diameter. The atrium is nar-
row and long. 
Diameter: 26 pm. 
Remark: This is a so-called "old Postnormapolles type". 
Occurrence and frequency in the samples investigated from Egypt: Coniacian-
Santonian: Abu Rauwash (70-1-7-2) infrequent. 
2. Triatriopollenites grandis (GLADKOVA 1965) KEDVES 1974, Myricaceae 
(Plate 2.1., fig. 13, plate 2.2., fig. 1) 
Description: Amb triangular, with convex sides. Surface punctate or finely granular. 
The inter-apertural exine is 0.8-1.2 pm thick. The tectum, infratectal layer, and the foot 
layer are of equal thickness, T/I/F = 1/1/1. The structure is not clearly discernible by 
optical microscopy, probably granular. The annulus is 1-1.2 pm thick and the atrium is 
about 2 pm wide. Diameter of the exoapertures is 2-2.5 pm. 
Diameter: 37 pm. 
Occurrence and frequency in the samples investigated from Egypt: Coniacian-
Santonian: Abu Rauwash (70-1-7-2): infrequent. 
F o r m - g e n u s : Myrtaceidites (COOKSON et PLKE 1954) POTONIE 1 9 6 0 
Triangular, triaperturate pollen grains. Ectoapertures colpi, with arci. In the polar 
area there is a triangular part, which is surrounded by the arci. 
1. Myrtaceidites mesonesus COOKSON et PlKE 1954, Myrtaceae, Eucalyptus 
(Plate 2.2., figs. 2-5) 
Description: Amb triangular, with convex sides. Surface finely granulate. The inter-
apertural exine is 0.6-0.8 pm. The tectum, infratectum and the foot layer are of equal 
thickness, T/I/F = 1/1/1. Structure not clearly discernible by optical microscopy. 
Exoapertures narrow colpi, bordered by 1-2 pm wide arci. There is a tumescens-like 
thickening in the polar region about 2 pm in thickness. In the polar region there is a 
triangular area which is surrounded by arci. Endoapertures small atria. 
Diameter: 13 pm; 10-15 pm. 
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Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia-SandstoneCFarafra (6-2-1) infrequent, Abu Minquar (4-3) infrequent, Kharga (1-
28) common. 
F o r m - g e n u s : Retitriporites (VAN DER HAMMEN 1956) GONZÁLEZ GUZMAN 1967 
Triporate pollen grains, with reticulate sculpture. Until this time, this kind of angio-
sperm pollen grain is not so common in the Upper Cretaceous spore-pollen assemblages. 
1. Cf. Retitriporites fsp. 
(Plate 2.2., figs. 6,7) 
Description: Amb triangular, with slightly convex sides. Surface reticulate. The lu-
mina of the reticulum are 0.6-1.2 pm in size. In the apertural region there is a zone with 
a smooth surface about 4-5 pm in width. The inter-apertural exine is 0.4-0.5 pm thick. 
The exo- and endoapertures are pori, about 2-2.5 pm in diameter. 
Diameter: 21 pm. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Farafra (6-2-1) infrequent. 
ANTETURMA: VARIGERM¡NATES POTONIÉ 1970 
TURMA: PLICATES NAUMOVA 1937, 1939 
SUBTURMA: TRIPTYCHES NAUMOVA 1937,1939 
INFRATURMA: 1SOTRICOLPAT1POTONÉ 1970 
Form-genus: Beaupreaidites COOKSON 1950 exCoUPER 1953 emend. MARTIN 1973 
MARTIN (1973) , MARTIN and HARRIS (1974) , MILDENHALL (1978) , and DETTMANN 
and JARZEN (1988, 1996) re-examined in detail the taxonomic problems of this form-
genus.' The pollen grains of this genus are triangular in polar view, surface sculptured, 
the exoapertures are short furrows. 
1. Beaupreaidites mildenhallii n. fsp. subfsp. mildenhallii 
(Plate 2.2., figs. 8,9) 
Diagnosis: Amb triangular, with slightly convex sides. Surface reticulate. The mesh 
of the reticulum is 0.4-0.8 pm, and usually becomes smaller in the polar region. Muri 
width about 0.4 pm. The inter-apertural exine is about 1.5 pm thick. The infratectum 
and the foot layer is thicker than the tectum, T/I/F = 1/2/2. Structure intrabaculate. The 
exine becomes thinner in the apertural region and is about 0.8 pm in thickness near the 
apertures. The apertures are short 4-6 pm, but consists of relatively large colpi (2-4 pm). 
Diameter: 27 pm; 25-32 pm. 
Holotype: Plate 2.2., figs. 8,9, slide: Farafra-6-2-2-1; cross-table number: 11.6/109.4. 
Locus typicus: Farafra, Maestrichtian, Nubia Sandstone. 
Stratum typicum: clayey brown coal. 
Derivado nominis: In honour of Dr. D.C. MILDENHALL. 
Differential diagnosis: The smaller size separates this taxon from B. elegansiformis 
COOKSON 1950. Moreover, based on the documentation of COOKSON (1950) the mesh 
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of the reticulum is smaller than in our new species, and the colpi of B. elegansiformis 
COOKSON 1950 are longer. 
Botanical affinity: Proteaceae. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Farafra (6-2-1) infrequent, Farafra (6-2-1) infrequent, Farafra (11) 
infrequent. 
2. Beaupreaidites mildenhallii n. fsp. subfsp. minor n. subfsp. 
(Plate 2.2., figs. 10,11) 
Diagnosis: Amb triangular, with straight or mildly convex sides. Surface finely re-
ticulate. The mesh of the reticulum is about 0.4 pm, with muri about 0.2-0.3 pm wide. 
The size of the ornamentation is the same on the different parts of the pollen grains. The 
exine is 2-3 pm thick and the foot layer is relatively thick, T/I/F = 1/1.5/5. Structure 
intrabaculate. The exine is 1.5-2 pm thick around the apertures. The furrows are short; 
3-4 pm and are about 0.5 pm wide. 
Diameter: 21 pm; 19-25 pm. 
Subfsp. type: Plate 2.2., figs. 10,11, slide: Farafra-6-2-2-1; cross-table number: 
15.3/108.9. 
Locus typicus: Farafra, Maestrichtian, Nubia Sandstone. 
Stratum typicum: clayey brown coal. 
Derivatio nominis: From its small size. 
Differential diagnosis: The smaller size separates this subfsp. from M. mildenhallii 
subfsp. mildenhallii. 
Botanical affinity: Proteaceae. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Farafra (6-2-2), infrequent, Farafra (6-2-1) infrequent. 
3. Cf. Beaupreaidites fsp. 
(Plate 2.2., figs. 12,13) 
Description: Amb triangular, with convex sides. Surface reticulate. The mesh of the 
reticulum is 1.5-2 pm and the muri width is 0.5 pm. The exine is about 2 pm thick with 
the foot layer being the thickest, T/I/F = 1/1.5/3. The apertures are short furrows, 6-8 
pm long and 1-2 pm wide. There are 1.5 pm exinous thickenings around the apertures. 
Diameter: 19 pm. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Kharga (1-28) infrequent. 
Form-genus: Guzmanipollenites n. fgen. 
Fgen.-type: Guzmanipollenites cretaceus n. fsp. 
(Plate 2.2., figs. 14-19) 
Diagnosis: Triangular, triaperturate pollen grains. Exoapertures short furrows, endo-
apertures pori, with an annulus in the apertural region. Ornamentation verrucate, the 
sculptural elements are characteristic. 
Form-genus type: Plate 2.2., figs. 14,15, slide: Farafra-6-2-2-4; cross-table number: 
6.2/114.7. 




I. Triatriopollenites grandis (GLADKOVA 1965) KEDVES 1974, Myricaceae, slide: 70-1-7-2-6; cross-
table number: 20.3/102.3. 
2,3. Myrtaceidiles mesonesus COOKSON et PLKE 1954, Myrtaceae, Eucalyptus, slide: Abu Minquar-4-3-1; 
cross-table number: 20.4/107.8. 
4,5. Myrtaceidiles mesonesus COOKSON et PlKE 1954, Myrtaceae, Eucalyptus, slide: Abu Minquar-4-3-2; 
cross-table number: 12.6/109.8. 
6,7. Cf. Retitriporites fsp., slide: Farafra-6-2-1 -8; cross-table number: 20.1/109.9. 
8,9. Beaupreaidites mildenhallii n. fsp.; subfsp. mildenhallii, Proteaceae, slide: Farafra-6-2-2-1; cross-
table number. 11.6/109.4. 
10,11. Beaupreaidites mildenhallii n. fsp. subfsp. minor n. subfsp., Proteaceae, slide: Farafra-6-2-2-1; 
cross-table number: 15.3/108.9. 
12,13. Cf. Beaupreaidites fsp.. slide: Kharga-1-28-3; cross-table number: 13.7/119.8. 
14,15. Guzmanipollenites cretaceus n. fgen. et fsp., slide: Farafra-6-2-2-4; cross-table number: 6.2/114.7. 
16,17. Guzmanipollenites cretaceus n. fgen. et fsp., slide: Farafra-6-2-2-11; cross-table number: 14.2/106.4. 
18,19. Guzmanipollenites cretaceus n. fgen. et fsp., slide: Farafra-6-2-2-9: cross-table number: 6.1/103.1. 
20,21. Scabratriporites druggii n. fsp., slide: Farafra-6-2-2-1; cross-table number: 20.2/109.3. 
22,23. Scabratriporites druggii n. fsp., slide: Farafra-6-2-1-3; cross-table number: 9.8/115.8. 
24,25. Scabratriporites druggii n. fsp.. slide: Farafra-6-2-2-5; cross-table number: 14.2/103.6. 
26,27. Scabratriporites simjiliformis VAN HOEKEN-KLINKENBERG 1966, slide: Farafra-6-2-2-1; cross-table 
number: 16.4/103.3. 
28,29. Scabratriporites simpliformis VAN HOEKEN-KLINKENBERG 1966, slide: Farafra-6-2-2-1; cross-table 
number: 6.8/107.9. 
30,31. Syncolporites jardinei n. fsp., slide: Farafra-6-2-2-8; cross-table number: 9.1/113.4. 
32,33. Syncolporites jardinei n. fsp., slide: Farafra-6-2-2-4; cross-table number: 3.6/116.1. 
34,35. Syncolporites minor n. fsp., slide: Farafra-6-2-2-10; cross-table number: 14.7/104.6. 
36,37. Syncolporites minor n. fsp., slide: Farafra-6-2-2-12; cross-table number: 11.3/105.8. 
38,39. Triporopollenites nointelensis KEDVES 1970, Corylaceae, slide: 70-1-7-1-1; cross-table number: 
15.4/109.9. 
Stratum typicum: clayey brown coal. 
Derivatio nominis: In honour of Dr. A. E. GONZALEZ GUZMAN. 
Differential diagnosis: The characteristic verrucate sculpture separates this taxon 
from Annutriporites GONZALES GUZMAN 1967, the exoapertures (short colpi) from 
Cranwellipollis MARTIN e t HARRIS 1 9 7 4 . 
1. Guzmanipollenites cretaceus n. fsp. 
(Plate 2.2., figs. 14-19) 
Diagnosis: Amb triangular, with straight or slightly convex sides. Surface verrucate. 
The basal diameter of the sculptural elements is 0.8-1.5 pm. The exine is very thin, 
about 0.2 pm and the fine structure is not discernible by optical microscopy. Furrows 4-
5 pm long and the annulus is 1-1.5 pm wide. 
Diameter: 33 pm; 22-38 pm. 
Holotype, locus typicus, stratum typicum see at the fgen. type. 
Derivatio nominis: From the Cretaceous age. 
Differential diagnosis: There are several similarities with Echitriporites triangulifor-
mis VAN HOEKEN-KLINKENBERG 1964 (Upper Cretaceous, Nigeria and GONZALEZ 
GUZMAN, 1967, Paleocene, Columbia). A re-examination of the original material of 
Nigeria is desirable. 
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Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Faraffa (6-2-2) infrequent, Farafra (6-2-1) common, Farafra (11) 
infrequent. 
Form-genus: Scabratriporites VAN DER HAMMEN 1956 
1. Scabratriporites druggii n. fsp. 
(Plate 2.2., figs. 20-25, 24,25 diporate form) 
Diagnosis: Amb triangular, with mildly convex sides. Surface finely scabrate. The 
inter-apertural exine is 0.2 pm thick. The exine stratification and the structure are not 
discernible by optical microscopy. Furrows 6-10 pm long, and 1-2 pm wide. The annu-
lus is 1-1.5 pm wide. 
Diameter: 23 pm; 20-25 pm. 
Holotype: Plate 2.2., figs. 20,21, slide: Farafra-6-2-2-1; cross-table number: 
20.2/109.3. 
Locus typicus: Farafra, Maestrichtian, Nubia Sandstone. 
Stratum typicum: clayey brown coal. 
Derivatio nominis: In memoriam of Dr. W. S. DRUGG excellent investigator of the 
Cretaceous and Lower Tertiary sporomorphs. 
Differential diagnosis: Triporopollenites marcaensis DRUGG 1967 (Maestrichtian; M. 
- Danian transition, California, U.S.A.) has a sometimes faintly scrobiculate surface. The 
surface of the germinal region of Scabratriporites samoilovichii BOLTENHAGEN 1976'is 
finely echinate. 
Occurrence and frequency in the samples investigated from Egypt: Lower Cam-
panian: Duwi infrequent; Maestrichtian, Nubia Sandstone: Farafra (6-2-2) common, 
Farafra (6-2-1) infrequent, Farafra (11) common, Duwi Range (100) infrequent. 
2. Scabratriporites simpliformis VAN HOEKEN-KLINKENBERG 1966 
(Plate 2.2., figs. 26-29) 
Diagnosis: Amb triangular, with slightly convex or straight sides. Surface scabrate. 
The inter-apertural exine is 0.6-0.8 pm thick. The tectum, infratectal layer, and the foot 
layer are of equal thickness, T/I/F = 1/1/1. The fine structure of the infratectal layer is 
not discernible by optical microscopy. The furrows are of 6-8 pm long, and are narrow. 
The annulus is 0.8-1.1 pm in width. 
Diameter: 11.5 pm; 10-18 pm. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Farafra (6-2-2) infrequent, Farafra (6-2-1) infrequent. 
Form-genus: Syncolporites VAN DER HAMMEN 1954, 1956 
1. Syncolporites jardinei n. fsp. 
(Plate 2.2., figs. 30-33) 
Diagnosis: Amb triangular, with straight or mildly convex sides. Surface smooth or 
scabrate. The inter-apertural exine is 0.2-0.3 pm thick. Its stratification and structure are 
not discernible by optical microscopy. The furrows are 3-4 pm long, and the annulus is 
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1-1.3 pm in thickness. There are very characteristic plicae located between the apertural 
area. 
Diameter: 20 pm; 16-24 pm. 
Holotype: Plate 2.2., figs. 30,31, slide: Farafra-6-2-2-8; cross-table number: 
9.1/113.4. 
Locus typicus: Farafra, Maestrichtian, Nubia Sandstone. 
Stratum typicum: clayey brown coal. 
Derivatio nominis: In honour of Dr. S. JARDINÉ. 
Differential diagnosis: The characteristic plicae separates this taxon from S. in-
comptus VAN HOEKEN-KLINKENBERG 1964. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Farafra (6-2-2) common, Farafra (6-2-1) infrequent, Farafra (11) 
infrequent. 
2. Syncolporites minor n. fsp. 
(Plate 2.2., figs. 34-37) 
Diagnosis: Amb triangular, with slightly convex sides. Surface finely scabrate. The 
inter-apertural exine is 0.3 pm thick. Its stratification and structure are not discernible by 
optical microscopy. The furrows are 4-6 pm long, and the annulus is 0.5-0.8 pm in 
thickness. Usually there are characteristic plicae between the apertures. 
Diameter: 12 pm; 9-13 pm. 
Holotype. Plate 2.2., figs. 34,35, slide: Farafra-6-2-2-10; cross-table number: 
14.7/104.6. 
Locus typicus: Farafra, Maestrichtian, Nubia Sandstone. 
Stratum typicum: clayey brown coal. 
Derivatio nominis: From its smaller size. 
Differential diagnosis: The smaller size and the outline of the apertural area distin-
guishes this taxon from S. minutus VAN HOEKEN-KLINKENBERG 1964. 
Occurrence and frequency in the samples investigated from Egypt: Maestrichtian, 
Nubia Sandstone: Farafra (6-2-2) common. 
Form-genus: Triporopollenites PFLUG et THOMSON 1953 
Triporate pollen grains, surface smooth or faintly sculptured. 
1. Triporopollenites nointelensis KEDVES 1970, Corylaceae 
(Plate 2.2., figs. 38,39) 
Description: Amb triangular, with concave sides. Surface granular to finely rugulate. 
The inter-apertural exine is 1.5-1.8 pm thick. The tectum, infratectum, and the foot layer 
are equal. The structure is not clearly discernible by optical microscopy but is probably 
granular. The annulus is 1.5-2 pm thick and the diameter of the pore is 1-1.5 pm. 
Diameter: 27 pm. 
Occurrence and frequency in the samples investigated from Egypt: Coniacian-
Santonian: Abu Rauwash (70-1-7-1) common. 
To be continued 
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3. WOOD ANATOMY OF A SILICIFIED TRUNK FROM THE KHARGA 
OASIS, EGYPT 
S . G . M . YOUSSEFI, W . E . EL-SAADAWI2, M . KEDVES3 a n d R . M . MOSTAFA, 
1. Department of Botany, Faculty of Science, Zagazig University, Benha, Egypt, 2. Department of Bo-
tany, Faculty of Science, Ain Shams University, Cairo, Egypt, 3. Cell Biological and Evolutionary Micro-
paleontological Laboratory of the Department of Botany of the University of Szeged, H-6701, P.O.Box 993, 
Szeged, Hungary 
Abstract 
This paper presents the detailed LM anatomy of a gymnospermous fossil wood from the Late Cretaceous 
layers of the Kharga Oasis. The pitting of the radial wall of the tracheids is of an early "araucarioid" type. In 
comparison to the previous fossil wood data the following anatomical characteristics may be emphasized: 1. 
The ray cells are 3 - 52 cells high. 2. The great number (21, 24) of the pits in the cross fields. 3. The trans-
verse walls of the longitudinal parenchyma cells are smooth. Based on these LM characteristic features this 
fossil wood is described as Agathoxylon lifiyii sp. nov. 
Key words: Xylotomy, fossil, Agathoxylon, Upper Cretaceous, Egypt. 
Introduction 
Four genera and seven species of petrified gymnosperm wood have, so far, been re-













Dadoxylon: Endlicher 1847 
D. aegyptiacum Unger 1858 
D. dallonii Boureau 1948 
D. mokattamensis Kräusel 1924 














Cupressinoxylon Goeppert 1850 
?C. sp Kräusel 1924 + 5,6 Kräusel, 1924-39 
Family: Podocarpaceae 
Mesembrioxylon (Podocarpoxylon) 
aegyptiacum (Kräusel) Boureau 1950 
Protophyllocladoxylon Kräusel 1939 





Unidentified gymnösperm woöd" + 11 Youssef, 1993 
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For names and locations of these sites see map in text-fig. 3.1. 
The aim of this paper is to report on the occurrence of a Late Cretaceous petrified 
trunk of a gymnosperm tree, the xylotomy of which is quite distinct from, not only all 
those described earlier from Egypt but also from all those described in the available 
literature from other parts of the world. 
The study area 
The study area (Text-fig. 3.1.) lies about 12 km to the north-west of Kharga Oasis 
and about 12 km to the north of bench mark 15 on the Kharga-Dakla Oases road, and 
stretches almost till Gebel Abo-Tartour (Wadi El-Lifiya). This Late Cretaceous area is 
covered by Nubia Sandstone (G.S.E., 1982). The fossil woods lie horizontally on the 
surface and are in the form of large tree trunks (12 trunks were counted) and many 
fragments of variable size. Most trunks are about 15 m long and 20-35 cm in diameter. 
No branches, roots, fruits, leaves were found. The woods are highly silificied and vari-
ously coloured from white to dark. 
Text-fig. 3.1. 
Map showing sites of collection of gymnospermous fossil woods in Egypt. 
1 - Wadi Araba. 2 - Gebel Ahmar. 3 - Gebel Mokattam. 4 - Gebel Qatrani. 5 - Bahariya Oasis. 6 - Gebel 
Hufhuf. 7 - Dakhla Oasis. 8 - Kharga Oasis. 9 - Esna. 10 - Road between Esna and Wadi Haifa. 11 - Aswan 
Area. 12 - Gilf Kebir. 
S - Study Area. 
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Materials and Methods 
Twelve specimens were chopped off from the 12 large trunks. The majority of speci-
mens range between 5-10 cm in width and 10-20 cm in length. Thin-ground sections 
(T.S., T.L.S. and R.L.S.) were prepared (e.g.: cf. LACEY, 1963) from all collected 
specimens. They all proved to belong to gymnosperms. However, only four specimens 
were found to be well preserved and permit identification to generic or lower level. Only 
one of these will be described here, while the other three will be the subject of forth-
coming publications. The following basic publications were used: GREGUSS (1955, 
1958 , 1967, 1968a ,b , 1972) , JANE (1970) , MAGDEFRAU (1953 ) , MOLISCH (1954) , SAID 
(1990). 
The specimens and slides are deposited in the paleobotanical collection of the De-
partment of Botany, University of Zagazig, Benha, Egypt. 
Results 
The specimen to be described here was taken from a tree trunk about 15 m long and 
20 cm in diameter. 
Cross section (Plate 3.1., figs. 1,2) 
The secondary wood is made of tracheids, ray parenchyma, vertical resin ducts and 
xylem parenchyma, and sometimes traumatic tissue (Plate 3.1., figs. 1,2). Vertical resin 
ducts are usually present in tangential bands in late wood (Plate 3.1., figs. 1,2) and 
sometimes found solitary within the early wood: 74-133 pm in diameter. Walls of the 
resin ducts are thick; 15 - 44 pm in thickness. Annual rings distinct, variable in width 
from 375 to 1875 pm (Plate 3.1., fig. 1; text-fig. 3.2.). Transition from early to late 
wood is gradual in the wider rings and abrupt in the narrower rings; the late wood is 
very narrow from 2 to about 4 cells. Discontinuous rings sometimes present (Plate 3.1., 
fig. 1). Tracheids in early wood quadrate, spherical and elliptical; 32 - 72 pm and 36 -
65 pm in radial and tangential diameters respectively; thick walled; 4 - 7 pm. Late 
woods tracheids smaller in radial diameter: 18-36 pm with thick walls; 4-11 pm. 
Tangential section (Plate 3.2., figs. 1- 5) 
The rays are uniseriate and 3 - 5 2 cells high. The preservation of the wood was not so 
well for quantitative evaluation of the number of the ray cells. The cell number of 99 
rays was counted, the greatest part, 75 rays were between 3 - 1 9 cells high, and 24 were 
20 - 52 cells high. The cross section of the cells is sometimes deformed by fossilization, 
they are mostly squares, circles or upright ellipses, 14-22 pm in diameter. The hori-
zontal wall of the longitudinal parenchyma is smooth. There are dark resinous remnants 
in these cells. (Plate 3.2., figs. 3-5). 
Radial section (Plate 3.2., figs. 6-9, plate 3.3., figs. 1-5) 
The areolate pits of the radial walls of the tracheids uni- or biseriate (Plate 3.3., figs. 
1-4) with round apertures, 7-11 pm. Typically araucarioid pitting is well shown in figs. 
1 and 2 on Plate 3.3. In the cross fields there are several (21, 24) simple pits, arranged in 
two or four but mostly in three rows. Generally in the late wood, spiral wall structure of 
the tracheids was observed (Plate 3.3., fig. 5). This kind of thickening was discussed by 
GREGUSS (1967) and HUARD (1966), but this seems to be an early characteristic (cf. 
SLMONCSICS, 1955) . 
Taking into consideration the previously described wood anatomical characteristic 
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Showing variation in width of growth rings (early and late wood). 
Agathoxylon lifiyii sp. nov. (Plate 3.1 - 3.3) 
Diagnosis 
Secondary wood is homoxyl, with vertical resin ducts, and annual rings. The rays are 
3 - 52 cells high, the greatest part until 19 cells. The areolate pits of the radial wall are 
typically early, araucarioid type. The number of the simple pits in the cross fields is 
high; 21, 24, arranged into 2 - 3 - 4 rows. Spiral wall structure of the tracheids occurred 
in general in the late wood. 
Holotype: Deposited in the Department of Botany of the Zagazig University, Benha, 
Egypt. 
Locus typicus: Kharga-Dakhla Oases. 
Stratum typicum: Late Cretaceous, Nubia Sandstone. 
Derivatio nominis; From Wadi Lifiya, the site of the collection. 
Differential diagnosis: The relatively high number of the ray cells and the simple pits 
in the cross fields separate this wood well from the similar fossil woods of Araucaria-






1,2. Agathoxylon lifiyii n. fsp., cross section. 
1. Showing growth rings, position of resin ducts and diffuse xylem parenchyma with dark contents. 25x. 
2. Annual rings, rays with dark contents and xylem parenchyma. lOOx. 
Plate 3.2. 
1-9. Agathoxylon lifiyii n. fsp. 
1-5. Tangential sections, uniseriate long rays. 250x. 
3,4. Xylem parenchyma with dark drops. 250x. 




1-5. Agathoxylon lifiyii n. fsp., radial sections. 
1,2. Typical biseriate areolate araucarioid pits of the radial wall of the tracheids. 500x. 
3. Uniseriate areolate pits of the radial wall of the tracheids. 500x. 
4. Biseriate pits of the radial wall of the tracheids. 500x. 
5. Cross fields of the late wood, showing peculiar spiral thickenings of the tracheids. 500x. 
Araucarioxylon resiniferum GREGUSS 1967 and Dadoxylon agathiforme KEDVES 1955. 
The number of the cross-field pits of the early types is less than the described n. sp., but 
the spiral wall structure of the tracheids is present; cf. Dadoxylon schrollianum 
GOEPPERT and D. transdanubicum SlMONCSlCS 1955, from Permian sediments; cf. 
GREGUSS (1961, 1967). This kind of spiral structure of the tracheids is known from 
Cretaceous fossil woods also: Dadoxylon implexum ZlMMERMANN 1953 and D. grami-
novillae ZlMMERMANN 1953 . : 
Remarks. - Araucarioid pitting was published previously from different ages and taxa. 
MÁGDEFRAU (1953) published the Permian (Rotliegendes) Dadoxylon remnant as Cor-
daites wood. GOULD (1971) and TAYLOR (1981) published as Cycadaceae fossil the 
Lyssoxylon grigsbyi GOULD 1971 from the Triassic Chinle Formation, Arizona. ALVIN 
et al. (1981) and ALVIN (1982) based on Pseudofrenelopsis parceramosa the Cheiro-
lepidaceous wood is of araucarioid structure. BARALE et al. (1991) published arau-
carioid secondary wood structure from Brachyphyllum trautii BARALE and CONTINI 
1973 from the Bajocian (Jurassic). Following ANDREÁNSZKY (1949, 1954), GREGUSS 
( 1 9 5 2 , 1967 ) , KEDVES ( 1 9 5 5 ) , BERTOLANI MARCHETTI ( 1 9 6 3 ) , a n d STOCKEY ( 1 9 8 2 ) 
and several further authors, the Araucariaceae affinity is probable. The most important 
bibliographical data of the fossil woods of araucarioid structure was reviewed by 
RAJANIKANTH a n d SUKH-DEV ( 1 9 8 9 ) . 
Regarding the palynological data by KEDVES (1997) from Kharga (Maestrichtian, 
Nubia Sandstone) Araucariacites australis COOKSON 1947 ex COUPER 1953 subfsp. 
aegypticus KEDVES 1997, infrequent, Kharga (1-28), Araucariacites hungaricus DEÁK 
1964, common, Kharga (1-39), common, Kharga (1-28), Araucariacites balinkaense 
KEDVES 1974, infrequent, Kharga (1-39), Classopollis perplexus BOLTENHAGEN 1973, 
infrequent, Kharga (1-39), common, Kharga (1-39). In this way the Araucariaceae and 
the Cheirolepidaceae pollen grains occurred in the Late Cretaceous of the Nubia Sand-
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stone of Kharga. The botanical affinity of the fossil wood remnant presented herein may 
be the Araucariaceae or Cheirolepidaceae. 
Beside all that is mentioned above the climate of Egypt in Cretaceous time was warm 
with dry and rainy seasons (SAID, 1990), which may be comparable to the climate of the 
area of the extant species of the family Araucariaceae. 
Discussion and Conclusions 
In conclusion it may be said that there are now 3 species of gymnospermous wood 
reported from the road between Kharga-Dakhla Oases namely: Dadoxylon aegyptiacum, 
Protophyllocladoxylon leuchsi, and Agathoxylon lifiyii, in addition to nine species of 
angiospermous wood namely: Celastrinoxylon celastroides (Celastraceae), Detarioxy-
lon aegyptiacum (Leguminosae), Ebenoxylon ebenoides (Ebenaceae), Ficoxylon sp. 
(Moraceae), Hibiscoxylon niloticum (Malvaceae), Proteoxylon khargaense (Pro-
teaceae), Terminalioxylon intermedium (Combretaceae) Ternstroemioxylon dakhlaense 
(Ternstroemiaceae) and Palmoxylon zitteli (Palmae). 
KOENIGUER (1971) published Dicotyledonous woody remnants from the Paleocene 
layers of Sessao (Niger). It is worth of mentioning, that from the Upper Senonian of 
Sanhirer BUSSON (1967) published a Dadoxylon sp. (type araucarioid) and KOENIGUER 
( 1967) the Euphorbioxylon bussonii n sp. 
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4. TRANSMISSION ELECTRON MICROSCOPY OF THE PARTIALLY 
DEGRADED POLLEN GRAINS FROM THE THANETIAN LAYERS OF 
MENAT (FRANCE) I. 
M . KEDVES and M . MADARASZ 
Cell Biological and Evolutionary MicropaleantologicaI Laboratory of the Department of Botany of the 
University of Szeged, H-6701, P.O. Box 993, Szeged, Hungary' 
Abstract 
Gymnosperm and angiosperm pollen grains were partially degraded with merkaptoethanol during 2.5 and 
5 hours, and investigated with the TEM method. The saccate gymnosperm pollen grains (Pityosporites alatus, 
P. pristinipollinius) are relatively resistant against the experimental and embedding processes. The tectum 
and the infratectal layer at the investigated Longaxones (Monocolpopollenites tranquillus, Cupuliferoidae-
pollenites quisqualis, C. liblarensis, Cupuliferoipollenites insleyanus, C. oviformis, C. pusillus, Retitricol-
pites thomsonii) taxa are also resistant. The granular infratectal layer of the two Normapolles (Plicapollis, 
Stephanoporopollenites) taxa is less resistant, in opposition to this, the granular infratectal layer of the 
Platycaryapollenites (Postnormapolles) is well preserved after the partial dissolution experiment. The resis-
tance of the pollen grains of the recent Platycarya against different kinds of experimental influences was 
emphasized previously. The ultrastructure of the pollen grains embedding organic material was also investi-
gated and interpreted. 
Key words: Palynology, Paleocene, Menat. France, experimental ultrastructure. 
Introduction 
EHRLICH and HALL (1959) in its pionnering paper on the transmission electron mic-
roscopy of fossil pollen grains among others called attention to the preservation of the 
ultrastructure of the fossil organic material. KEDVES, STANLEY and ROJIK (1974) ob-
served the partial degradation of fossil pollen grains during fossilization processes from 
some angiosperm pollen grains isolated from the Eocene layers of Missisippi. Larger 
globular molecular structures were published from the infratectal layer of Restioniidites 
hungaricus (KEDVES 1965) ELSIK 1968 and from the ectexine of Thomsonipollis mag-
nificus (PFLUG and THOMSON 1953) KRUTZSCH 1960. In several papers it was empha-
sized, that the preservation of the fossil organic material depends from several factors, 
such the basic chemistry of the organic material, the sedimentation processes, after the 
treatment of the sediments, the experiments and the fixation and embedding processes 
for transmission electron microscopical investigations. ROWLEY and SRIVASTAVA 
(1986) investigated the exine of Classopollis after oxidative etching. Biopolymer struc-
ture of this pollen grain was also established. Later ROWLEY, J.R., ROWLEY, J.S. and 
SKVARLA (1990) described the ultrastructure of the corroded exines from the HA-
VINGA'S experiments. 
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The Paleocene (Thanetian) layers of Menat are very rich in well preserved sporo-
morphs. Some previous papers, and the monographical elaboration of this spore-pollen 
assemblage was previously published by KEDVES and RUSSELL (1982). Later some 
ultrastructural data from the partially degraded pollen grains from Menat were published 
(KEDVES, 1986, 1988) and two kinds of experiments were made on this material but till 
this time without systematic study and publication. 
The aim of this paper is to investigate in detail the ultrastructure results of the so-
called moderatedly degraded pollen grains in comparison to other fossil and recent pol-
len data. 
Materials and Methods 
T h e locali ty was descr ibed previous ly by RUSSELL (1982) in KEDVES and RUSSELL. 
The sediments were treated with HC1 and HF. The organic residue was dried. 20 mg 
organic material was used for all experiments. 1 ml merkaptoethanol was added for the 
dry organic material and the length of time was 2.5 and 5 hours. For TEM studies the 
washed material was postfixed with 0 s 0 4 aq.dil. and embedded in Araldite (Durcupan, 
Fluka). The ultrathin sections were made with glass knives, the TEM pictures were taken 
with a Tesla BS 500 instrument, resolution 5 Á. 
The investigated pollen taxa with the length of time and the block numbers are as 
follows: 
Pityosporites alatus (2.5h: 85/48), Pityosporites pristinipollinius (2.5h: 85/45, 5h: 
85/36), Monocolpopollenites tranquillus (2.5h: 85/51), Cupuliferoidaepollenites quis-
qualis (2.5h: 85/64, 85/66, 86/4, 5h: 85/8, 85/37). Cupuliferoidaepollenites liblarensis 
(2.5h: 85/49, 85/60b, 86/6, 5h: 85/41, 86/2), Cupuliferoipollenites insleyanus (2.5h: 
85/63), Cupuliferoipollenites oviformis (2.5h: 85/55, 5h: 85/35), Cupuliferoipollenites 
pusillus (2.5h: 85/31, 85/56, 85/57, 85/58, 5h: 85/38), Retitricolpites thomsonii (2.5h: 
85/62, 86/1, 5h: 85/40, 85/42, 86/3), Stephanoporopollenites hexaradiatus (2.5h: 
85/61), Plicapollis pseudoexcelsus (2.5h: 85/47), Platycaryapollenites platycaryoides 
(2.5h: 85/54, 85/60a, 85/65). 
Results 
Gymnosperm pollen grains 
Two saccate gymnosperm pollen grains was investigated: 
1. Pityosporites alatus (POTONIE 1931) THOMSON et PFLUG 1953, Abietaceae, Pinus 
(Plate 4 .1 . ) 
2. Pityosporites pristinipollinius (TRAVERSE 1955) KRUTZSCH 1971, Abietaceae, 
Pinus (Plate 4.2., figs. 1,2) 
Remark. - The ultrastructure of fossil saccate gymnosperm pollen grains was summa-
rized in the monograph of KEDVES (1994). 
Based on our present results, the molecular system of the sporopollenin of the saccate 
gymnosperm pollen grains is resistant. The alveolar ectexine of the corpus is well shown 
in Plate 4.2., fig. 2, the saccus is represented on both investigated species (Plate 4.1., 
and Plate 4.2., fig. 1). The different kinds of alveoli (ai, a2, a3) are well shown. On the 
other hand it is worth mentioning, that the outer surface is covered with organic material 






Pityosporites alatus (POTONLE 1931) THOMSON et PFLUG 1953, Abietaceae, Pinus, block number: 85/45, 
negative no: 5340, lO.OOOx. 
Plate 4.2. 
1,2. Pityosporites pristinipollinius (TRAVERSE 1955) KRUTZSCH 1971, Abietaceae, Pinus, block number: 
85/48. 
1. Negative no: 5346, 25-OOOx. 
2. Negative no: 5344, 25.000x. 
within the spongy and/or lamellar organic matrix. Similar ultrastructure was published 
b y GLIKSON and TAYLOR (1986 ) , p . 276, f ig . B , C , p. 272: "bacter ia l r e m a i n s as a pa r t of 
main component of vitrinite-like organic matter (TEM)," But this embedding matrix 
may be also in consequence of the electrostatic charge of the surface. 
Angiosperm pollen grains 
Longaxones 
Monocolpopollenites tranquillus (POTONIÉ 1934) THOMSON et PFLUG 1953 subfsp . 
tranquillus, Palmae (Plate 4.3., figs. 1-4) 
Remark. - This fossil pollen grain was compared to recent taxa by KEDVES and 
BOHONY (1966) to establish the nearer botanical affinity. SEM pictures were published 
by KEDVES (1979) and from specimens of the Middle Eocene layers of the Dorog coal 
basin. 
The tectate perforate ectexine is well illustrated in picture 1 and 3 of Plate 4.3. The 
tangential section of the infratectal layer represents well the columellar character of this 
middle ectexine layer. Two layers may be distinguished on the highly magnified picture 
(Plate 4.3., fig. 4) of the foot layer. The inner one may be endexine with degraded 
lamellar system. Granular units are also present in this part, which represents the larger 
molecular structures. Worth mentioning is that the embedding organic material is not 
closely connected to the tectum. 
Cupuliferoidaepollenites quisqualis (POTONIÉ 1934) POTONIÉ 1960, Fagaceae or 
Leguminosae (Plate 4.4., figs. 1,2) 
Three blocks (85/64, 85/66 and 86/4) were treated during 2.5 hours, another two (85/37 
and 85/40) during 5 hours. Partial degradation was observed at the last mentioned experi-
ment we present one example from these pollen grains (Plate 4.4., figs. 1,2). 
The surface of these pollen grains is covered with the organic material. This may be 
a more or less amorphous layer with the thickness of the ectexine. The desintegration of 
the ectexine is well shown (Plate 4.4., figs. 1,2) in particular it is the infratectal layer 
which is sometimes completely destroyed (Plate 4.4., figs. 1,2). 
Cupuliferoidaepollenites liblarensis (THOMSON, in POTONDÉ, THOMSON et 
THIERGART, 1950), POTONIÉ 1960, Fagaceae or Leguminosae (Plate 4.5., figs. 1-4) 
Five blocks (85/41, 85/49, 85/60, 86/2 and 86/6). The pollen grains embedded into the 
blocks no: 85/49, 85/60 and 86/6 were treated during 2.5 hours, the other two; 85/41, 86/2, 






1-4. Monocolpopollenites tranquUlus (POTONIÉ 1934) THOMSON et PFLUG 1953 subfsp. tranquillus, Palmae, 
block number: 85/51. 
1. Negative no: 5456, 50.000x. 
2. Negative no: 5458, 64.000x. 
3. Negative no: 5455, 20.000x. 
4. Negative no: 5463, 250.000x. 
Plate 4.4. 
1,2. Cupuliferoidaepollenites quisqualis (POTONIÉ 1934) POTONIÉ I960, Fagaceae or Leguminosae, block 
number: 85/40. 
1. Negative no: 5277, 50.000x. 
2. Negative no: 5279, 50.000x. 
Plate 4.5. 
1 - 4 . Cupuliferoidaepollenites liblarensis (THOMSON, in POTONIÉ, THOMSON e t T H E R G A R T , 1 9 5 0 ) POTONIÉ 
1960, Fagaceae or Leguminosae, block number: 86/2. 
1. Negative no: 5679, 15.000x. 
2. Negative no: 5682, 150.000x. 
3. Negative no: 5682, 150.000x. 
4. Negative no: 5685, 150.000x. 
The surface of the pollen grains is completely covered with the spongy or lamellar 
organic material. There are several electron dense globular particles in the embedding 
material. The ultrastructure of this kind of embedding organic matter is similar to those 
publ i shed by LUGARDON, RAYNAUD and HUSSON (1991); Planche I, fig. 6.: "Part of 
large mass of dense, heterogeneous MAT with a cluster of packed laminae (arrowhead) 
and scattered ovoid elements (arrows). Upper Cretaceous, Iran. x50.000." The degrada-
tion of the infratectal layer is well shown on the general survey picture (Plate 4.5., fig. 1) 
too. The more or less completely disparition of the infratectal layer is illustrated on the 
highly magnified pictures (Plate 4.5., figs. 2-4). There are electron dense granules in the 
inner part of the tectum and the outer part of the foot layer which are in the larger sporo-
pollenin globular dimension. The innest part of the exine is electron dense, this is in all 
probability the endexine (Plate 4.5., figs. 1 and 4). In picture 4 of the Plate 4.5., the dés-
intégration of the tectum is illustrated. 
Cupuliferoipollenites insleyanus (TRAVERSE 1955) POTONIÉ 1960 Fagaceae, Casta-
nea (Plate 4.6., figs. 1,2) 
The surface of the investigated pollen grain was rarely covered with the organic em-
bedding material with electron dense granular particles. Fig. 1 in Plate 4.6., illustrate the 
degradation in the apertural area..Strong degradation of the infratectal layer was also 
observed in particular in the highly magnified picture (Plate 4.6., fig. 2). Less charac-
teristic molecular structures were also observed. 
Cupuliferoipollenites oviformis (POTONIÉ 1931) POTONIÉ 1960, Fagaceae, Castanea 
(Plate 4.7., figs. 1-5) 
Pollen grains of two blocks (85/35 and 85/55) were investigated. The general survey 
pictures (Plate 2.7., figs. 1,4) illustrate well the characteristic ectexine of this kind of 
pollen grain, namely the thick tectum and foot layer and the relatively thin infratectal 
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layer. The embedding organic material is not always connected to the surface of the 
tectum. The characteristic lamellar ultrastructure of this material and the electron dense 
globular particles are well shown in fig. 5 of Plate 4.7., cf. LUGARDON, RAYNAUD and 
HUSSON (1991). The ectexine is resistant not so characteristic degradation was estab-
lished at the ultrastructure of the infratectal layer. 
Cupuliferoipollenites pusillus (POTONIE 1934) POTON1E 1960, Fagaceae, cf. Casta-
nea. (Plate 4.8., figs. 1-3) 
Pollen grains of the following blocks were partially dissolved during 2.5 hours: 
85/31, 85/56, 85/57, 85/58, and one during 5 hours; 85/38. The exine ultrastructure is 
similar to the previous species including the interesting lamellar embedding organic 
material (Plate 4.8., fig. 2). The thin columellar infratectal layer more or less preserved. 
Beneath the foot layer the electron dense endexine is illustrated in picture 3, Plate 4.8. In 
several places the endexine is completely destroyed, and the inner surface of the foot 
layer is partially degraded and the globular larger molecular structures are well shown; 
Plate 4.8., fig. 1. 
Retitricolpites thomsonii KEDVES 1982, in KEDVES and RUSSELL (Plate 4.9., figs. 1-
3, plate 4.10., figs. 1,2, plate 4.11., figs. 1-3) 
Pollen grains investigated from the blocks 85/62 and 86/1 were dissolved during 2.5 
hours, 85/40, 85/42 and 86/3 during 5 hours. The characteristic exine ultrastructure of 
this exine is well shown in pictures no 1 in Plate 4.9. and 4.10. There are tangential 
sections also from the retipilate tectum (Plate 4.10., fig. 1) and from the columellar 
infratectal layer (Plate 4.1., fig. 1). The lamellar embedding organic material is in se-
veral places connected to the surface of the tectum. The electron dense granular particles 
are in the holes of the infratectal layer (Plate 4.10., fig. 2), cf. LUGARDON, RAYNAUD 
and HUSSON (1991). In general the exine of this kind of pollen grains is resistant, but 
degradation was observed in the infratectal layer (Plate 4.9., fig. 3). 
In the apertural area the lamellar endexine is also degraded (Plate 4.9., fig. 3). 
Brevaxones . 
Normapolles 
Stephanoporopollenites hexaradiatus (THIERGART 1940) THOMSON et PFLUG 1953 
cf. tribinae KRUTZSCH 1961 (Plate 4.12., figs. 1-3) 
The investigated specimen was extremely damaged. The infratectal layer disappeared 
in consequence of the sedimentation or the experimental processes (Plate 4.12., figs. 1-
3). The tectum is thinner than the foot layer, light, partial degradation zones were ob-
served. The lower layer separate sometimes. The embedding organic material is not 
closely connected to the tectum, its ultrastructure is lamellar, with globular electron 
dense particles. 
Plicapollis pseudoexcelsus (KRUTZSCH 1958) KRUTZSCH 1961 subfsp. pseudoexcel-
sus (Plate 4.13., figs. 1-3) 
The lamellar embedding organic material is in general connected to the tectum. 
Worth mentioning is that in this case electron dense granular particles were not ob-
served. The granular infratectal layer was completely destroyed. This is very characte-
ristic at the annuli. Beneath the foot layer another electron dense layer is-present with 












1,2. Cupuliferoipollenites insleyanus (TRAVERSE 1955) POTONIÉ 1960, Fagaceae, Castanea, block number: 
85/63. 
1. Negative no: 5615, 15.000X. 
2. Negativeno: 5619, 200.000x. 
Plate 4.7. 
1-5. Cupuliferoipollenites oviformis (POTONIÉ 1931) POTONIÉ 1960, Fagaceae, Castanea, 
1. Block number: 85/35, negative no: 5213, 1O.OOOx. 
2-5. Block number: 85/55. 
2. Negative no: 5487, lOO.OOOx. 
3. Negative no: 5487, lOO.OOOx. 
4. Negative no: 5477, lO.OOOx. 
5. Negative no: 5486, 20.000x. 
Plate 4.8. 
1-3. Cupuliferoipollenites pusillus (POTONIÉ 1934) POTONIÉ 1960, Fagaceae cf. Castanea. 
1. Block number: 85/31, negative no: 5208, 250.000x. 
2. Block number: 85/48, negative no: 9275, 8.000x. 
3. Block number: 85/56, negative no: 5488, lOO.OOOx. 
Plate 4.9. 
1 - 3 . Retitricolpites thomsonii KEDVES 1 9 8 2 , in KEDVES e t RUSSELL. 
1,2. Block number: 85/57. 
1. Negativeno: 5496, 15-OOOx. 
2. Negative no: 5493, lOO.OOOx. 
3. Block number: 85/57, negative no: 5609, lOO.OOOx. 
Plate 4.10. 
1^2. Retitricolpites thomsonii KEDVES 1982, in KEDVES et RUSSELL, block number: 86/3. 
.1. Negative no: 5686, lO.OOOx. 
2. Negative no: 5692, 50.000x. 
Plate 4.11. 
1-3. Retitricolpites thomsonii KEDVES 1982, in KEDVES et RUSSELL, block number: 85/40. 
1. Negative no: 5283, 50.000x. 
2. Negative no: 5281, 50.000x. 
3. Negative no: 5285, 48.000x. 
part of the foot layer. In this case it is interesting, that it is a hiatus between the foot 
layer and the above mentioned layer. 
Postnormapolles 
Platycaryapollenites platycaryoides (ROCHE 1969) KEDVES 1992, Juglandaceae, 
Platycarya (Plate 4.14., figs. 1-3) 
The investigated pollen grain is not completely closed in the lamellar embedding 
material (GLIKSON and TAYLOR 1986). The electron dense granular particles are some-
times on the outer surface of the tectum, or on the inner surface of the foot layer. The 
infratectal layer is granular, which are well preserved. Sometimes larger molecular 







1-3. Slephanoporopollenites hexaradiatus (THIERGART 1940) THOMSON et PFLUG 1953 cf. tribinae 
KRUTZSCH 1961, block number: 85/61. 
1. Negative no: 5587, 25.000x. 
2. Negative no: 5581, 25.000x. 
3. Negative no: 5582, 250.000x. 
Plate 4.13. 
1-3. PlicapoUi.s pseudoexcelsux (KRUTZSCH 1958) KRUTZSCH 1961 subfsp. pseudaexcelsus, block number: 
85/47. 
1. Negative no: 5336, 5.000x. 
2. Negative no: 5336, 2.500x. 
3. Negative no: 5338, lOO.OOOx. 
Plate 4.14. 
1-3. Platycaryapollenites platycaryoides (ROCHE 1969) KEDVES 1992, Jugtandaceae, Plutycarya, block 
number: 85/65. 
1. Negative no: 5643, 5.000x. 
2. Negative no: 5646, 25.000x. 
3. Negative no: 5645, 25.000x. 
Discussion and Conclusions 
1. The molecular system of the investigated saccate gymnosperm pollen grains is very 
resistant. After the partial dissolution of the recent saccate gymnosperm pollen grains of 
Pinus sylvestris KEDVES, HORVÁTH, BORBOLA and TÓTH (1999) emphasized the same. 
2. Angiosperm pollen grains 
2.1. At the angiosperm pollen grains resistant tectum and the foot layer was observed 
in particular at the Cupuliferoipollenites fspp. KEDVES et al (1998) established, that the 
exine of Castanea sativa is resistant to the organic solvents, thinnings of the exine and 
protrusions in the apertural area were observed only. 
2.2. Partial degradation of the angiosperm exines. 
2.2.1. Degradation of the tectum is relatively rare (cf. Stephanoporopollenites). 
2.2.2. Alterations in the ultrastructure of the infratectal layer. 
Completely destroyed at C. quisqualis and C. liblarensis and at the two investigated 
Normapolles taxa. Worth mentioning is that the granular infratectal layer of the myri-
caceous Plicapollis pseudoexcelsus destroyed completely, and the also granular infra-
tectal layer of Platycaryapollenites is very resistant. To this KEDVES, KÁROSSY and 
BORBOLA (1997) pointed out as follows, p. 54: "The resistance of the pollen grains of 
Platycarya strobilacea is also interesting." 
Partial degradation was observed with larger biopolymer structures at C. insleyanus 
and Retitricolpites thomsonii. 
Secondary lamellar ultrastructure appeared with molecular structures at the foot layer 
of Monocolpopollenites tranquillus. Larger globular molecular units at Retitricolpites 
thomsonii and at the inner surface of the foot layer of Platycaryapollenites. 
3. The organic embedding material is also another subject for investigation. Till this 
time the following types may be established: 
3.1. Lamellar structures without electron dense granular particles. This is not very 
often. 
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3.2. Lamellar structures with electron dense globular particles. According to GLIKSON 
and TAYLOR (1986) for the origin to these particles the microbial function may be pre-
sumed. To this the investigated Platycaryapollenites serve documents. Namely these 
granules are on the surface of the tectum or on the inner surface of the foot layer. The 
larger molecular structures were discovered near the electron dense particles. 
3.3. Interesting and not so often when the embedding organic material is completely 
close to the surface of the pollen grains seemingly forming another outer layer of the 
exine. This may be in connection to the electrostatic charge of the surface of the pollen 
grain. 
Finally, based on these present results it is necessary to continue further, stronger 
partial degradation experiment on this material. 
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5. LM, SEM AND TEM INVESTIGATIONS ON PARTIALLY DEGRADED 
BOTRYOCOCCUS BRAUNII KÜTZ. COLONIES FROM HUNGARIAN 
UPPER TERTIARY OIL SHALE I. 
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/. Cell Biological and Evolutionary Micropaleontological Laboratory of the Department of Botany of 
the University of Szeged, H-6701, P.O. Box 993, Szeged, Hungary. 2. Institute of Biophysics, Biological 
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Abstract 
During our newest experimental investigations on the Botryococcus braunii colonies isolated from Upper 
Pannonian oil shale from Pula nine kinds of experiments were carried out. For the partial degradation of the 
colonies 2-aminoethanol, KMn04, and merkaptoethanol were used. The results obtained by the different 
methods were compared. Particular attention was paid for the different organization levels of the biopolymer 
units of the wall of the colonies. The problems of the different methods are discussed. 
Key words: Alginite, partial degradation, LM, SEM, TEM. 
Introduction 
The hydrocarbon producing colonies of the Botryococcus KUTZING genus are very 
interesting and peculiar among the Algae. This was the reason that the taxonomic posi-
tion was not always unanimous. According to FRITSCH (1935) and KISS (1939) this 
genus belongs to Xanthophyceae, Heterochloridales. WILLE (in ENGLER and PRANTL 
1910) classed into the Chlorophyta (Chlorococcales - Protococcales) Botryococcaceae, 
PANKOW (1976) into the Chlorococcales, Dictyosphaeraceae. There are further com-
prehensive papers in this respect, e.g.: BATTEN and GRENFELL (1996). The most impor-
tant papers concerning the basic morphology of these peculiar colonies are as follows: 
BLACKBURN and TEMPERLEY (1936) , FRÉMY and DANGEARD (1938) , CHADEFAUD and 
EMBERGER (1960) , COMBAZ (in DURAND, 1980), LARGEAU, DERENNE, CLAIRAY e t al. 
( 1990) , GLIKSON, LINDSAY and SAXBY ( 1 9 8 9 ) , VÉR ( 1 9 9 4 ) and BATTEN and GRENFELL 
(1996). The most important morphological characteristic features may be summarized as 
follows: 1. The colonies are enveloped in mucilage (-Sch)eimmasse = mucilagineuse = 
enveloppe gelatineuse hyaline = hydrocarbon matrix). FRÉMY and DANGEARD (1938) 
established polymorphism at the Botryococcus colonies both living and fossil. E. NAGY 
(1969).emphasized also the problem of polymorphism what may be in consequence of 
the ontogenetical stages, ecologic factors, such as temperature, light intensity, water 
composition, pH, etc. 2. The cellular components of the colonies are pedunculus and 
cupula (cup). Two cupulae form one polipier following CHADEFAUD and EMBERGER 
(1960). 3. Developmental stages of Botryococcus.braunii, both recent and fossil, were 
to 
published by GUY-OHLSON (1992). Autospores on the sides of the cups of young colo-
nies were published by ERLSTRÖM, GUY-OHLSON and SIVHED (1994) from Jurassic-
Cretaceous layers, using the SEM method. The organelles of the protoplasm were sum-
m a r i z e d by CHADEFAUD and EMBERGER (1960) , and COMBAZ (1980) . T h e L M wall 
s t ruc tu re based on TEMPERLEY (BLACKBURN and TEMPERLEY, 1936) and LARGEAU et 
al . ( 1 9 9 0 ) was s u m m a r i z e d by BATTEN and GRENFELL (1996) as fo l lows: T h e cel lu lose 
wall is closed by the cell cap. The cellulose wall is surrounded by three cups, the outest 
is the first cup, the third cup is in contact with the cellulose wall. The first taxonomical 
problems of the oil bearing alga were summarized by NARAYANA RAO and MISRA 
(1949): "yellow bodies" BERTRAND and RENAULT (1892), after Reinschia australis, and 
Pila. La te r BLACKBURN and TEMPERLEY (1936) , HARRIS (1938) , TRAVERSE (1955) and 
GRAY (1960) reviewed the morphology, the geologic and the geographic distribution of 
Botryococcus. The taxonomic problems of the genus Botryococcus and Gloeocapso-
morpha were d i scussed by KOSANKE and MYERS (1986) , COLLINSON et al. (1994) , 
BATTEN and GRENFELL ( 1 9 9 6 ) and WICANDER, FOSTER and REED (1996) . T h e y pointed 
out that the Gloeocapsomorpha may not be cogeneric with Botryococcus. The ecology 
of Botryococcus braunii KÜTZ. was summarized by VÉR (1994) as follows; p. 12: 
"i. Occurrence in eutrophic fresh water or in humid soil (WILLE, in ENGLER and 
PRANTL, 1910) in Europe, North America and Africa. These colonies can also be pre-
sent in salt lakes or in the water of marine lagoons. 
ii. Stenotherm species after the paper of Kiss (1939). The geological distribution of 
this kind of algue is extremely large. JARZEN (1978) writes the following, p. 32: 'Botryo-
coccus KÜTZING (PL. 1, fig. 3) is a colonial green algae, whose colonies form irregular 
globose masses encasted in a heavy, often dark, cohered mucilage. TRAVERSE (1955) 
has, reviewed the fossil occurrences of the genus and notes that the fossil record proba-
bly extends back at least to the Ordovician.' (Cf. NARAYANA RAO and MISRA, 1949). 
'The hydrocarbon secreting alga Botryococcus has been identified in organic remains 
of sediments ranging from Precambrian to Recent,' (GLIKSON, LINDSAY and SAXBY, 
1989, p. 595)." 
The colonies which may form the oil shale (Alginite) layers and its importance in the 
kerogen was recognized very early. In this way the industrial importance of this kind of 
algal colonies intensive and exhaustive and multidisciplinary researches were carried 
out. Regarding the chemical composition the three cups are the most important. Previ-
ously the sporopollenin content was established. Later based on the new results several 
alterations were pointed out, such as the extreme chemical variability of the colony 
matrix by BRENNER (1998), and the terms PRB ("dominated by linear fatty monocar-
boxylic acids but also comprise a linear dicarboxylic acid and a "pseudo" isoprenoid 
acid and exhibit a substantial contribution of isoprenoid acids." By DERENNE, LARGEAU 
and CASADEVALL (1991, p. 597), botryococcene (isoprenoid hydrocarbons) respectively 
botryococcane were introduced. To this we cite the paper of BERKALOFF, CASADEVALL, 
LARGEAU, et al. (1983) , LARGEAU, CASADEVALL, KADOURI and METZGER (1984) , 
DERENNE, LARGEAU, CASADEVALL and BERKALOFF, (1989) , DERENNE, LARGEAU, 
CASADEVALL and CONNAN ( 1 9 8 8 a , b ) and TEMPLIER, DIESENDORF, LARGEAU and 
CASADEVALL (1992). 
T E M pictures were published from untreated recent colonies of Botryococcus braunii 
by WOLF.and C o x (1981) , BURNS (1982), KADOURI, DERENNE, LARGEAU, et al. (1988) , 
DERENNES LARGEAU, CASADEVALL and BERKALOFF (1989) , TEMPLIER, LARGEAU, 
CASADEVALL and BERKALOFF (1992) . 
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SEM data from untreated colonies by TEMPLIER, LARGEAU, CASADEVALL and 
BERKALOFF (1992) , ERLSTRÖM and GUY-OHLSON (1994) and GUY-OHLSON and 
LINDSTRÖM (1994) . 
TEM results of fossil colonies without experiment were published by KEDVES (1983) 
and DERENNE, LARGEAU, HETÉNYI, et al. (1997). SEM data from Hungarian Botryococ-
cus co lon ies were publ i shed by E. NAGY (1976) , GUY-OHLSON and LLNDQVIST (1990) 
from Cambrian-Ordovician age from Sweden, DERENNE, LARGEAU, HETÉNYI, et al. 
(1997) from the locality of Pula (Hungary). From Early Permian untreated Botryococcus 
co lon ies GUY-OHLSON (1992) , and GUY-OHLSON and LINDSTRÖM ( 1 9 9 4 ) pub l i shed new 
data. Single, compound colonies and autospores were illustrated. The different stages of 
preservation were also discussed. Jurassic data from GUY-OHLSON (1996). 
The presence of the Botryococcus colonies in the Hungarian sediments was first pub-
lished by E. KRIVÁN-HUTTER (1963). Later several LM data were published from dif-
ferent localities and ages. After the discovery of a great amount of Alginite in Transda-
nubia in Hungary multidisciplinary researches started on this sediment. The most im-
portant results are as follows: The oil shale (Alginite) from Hungary was first discussed 
by JÁMBOR and SOLTI (1975) . Geo logy : JÁMBOR (1980) , HETÉNYI (1985 ) , JÁMBOR and 
SOLTI (1975, 1976), SOLTI (1981). Geology and Mineralogy: MEZŐSI (1976), Petrogra-
phy: RAVASZ (1976). Ecology: E. NAGY (1976), HAJÓS (1976), JÁMBOR (1980). Geo-
chemis t ry : ARATÓ and BELLA (1976) , HETÉNYI and VARSÁNYI (1976 ) , GRASSELLY, 
BERTALAN and SAJGÓ (1977) , HETÉNYI, MAITZ and TÓTH (1977) , HETÉNYI (1979 , 
1980, 1985, 1987-1988) , HETÉNYI and PÁPAY (1986) , HETÉNYI and SIROKMÁN (1978) , 
plant macrofossils: KVACEK, HABLY and SZAKMÁNY (1994), palynology by E. NAGY 
(1965, 1975a,b, 1992, 1993, 1997). 
The aim of this paper is to compare the results of the different methods, and to estab-
lish, whether the resolution of the used SEM instrument and the method is suitable to 
demonstrate the larger biopolymer units, which may be modelled by the fullerenes. We 
must emphasize the important methodical differences between the TEM and SEM in-
struments used. It may be presumed that the data of the SEM instruments of a resolution 
power more or less identical with the TEM instrument or at least below 10 Á, and with-
out metal covering will bring more exact data in this respect, but we hope that our data 
obtained with the instruments of our present day opportunities will be useful for the 
further investigations on this really interesting and important subject. 
Previous experimental investigations 
KEDVES (1986a) published the first TEM results of the partially degraded colonies of 
Botryococcus braunii KUTZ. isolated from Hungarian oil shale. Globular macromolecu-
lar units were observed, which may be arranged into filaments or are in irregular posi-
tion. Results of combined investigations (LM, TEM and thin layer chromatography) 
were published by KEDVES (1986b). By the way of comparative thin layer chromatogra-
phy molecular remnants of chlorophyllids, chlorophylls, carotenoids, ?lutein and two 
unidentifiable components between chlorophyllids and violaxanthin were established. 
KEDVES (1987) concerning the studies of the degradation of the sporoderm under 
natural and in vitro conditions pointed out, that there are similarities between fossil 
angiosperm exines and the walls of fossil algae, e.g. Botryococcus and Pleurozonaria. 
KADOURI, DERENNE, LARGEAU, et al. (1988) , DERENNE, LARGEAU, CASADEVALL and 
BERKALOFF (1989) published TEM picture of treated recent colonies for isolating PRB. 
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DUBREUIL, DERENNE, LARGEAU, BERKALOFF and ROUSSEAU (1989) published TEM 
data from the Darwin Coorongite and saponified Botryococcus braunii B race colonies. 
Concentric lamellae were described. DERENNE, METZGER, LARGEAU, et al. (1991) es-
tablished similar morphological variations on Gloeocapsomorpha prisca in Ordovician 
sediments and cultured Botryococcus braunii in consequence of the changes in salinity. 
TEMPLIER, LARGEAU, CASADEWALL and BERKALOFF (1992) published SEM and 
TEM pictures from untreated, after lipid extraction, after basic hydrolysis from the A 
and B races of Botryococcus colonies (recent). Characteristic lamellar structures of the 
wall are illustrated in picture Bi, Fig. 5., after lipid extraction. KEDVES, ROJIK and VÉR 
(1992) concerning the biopolymer organization of the Botryococcus colonies from Hun-
garian Alginite pointed out the following; p. 21: "The experiments were made in the 
following ways: 1. Partial dissolution and degradation of the colonies with NaOH, 2-
aminoethanol, K M n 0 4 aq. dil. and with combination of the two latter mentioned chemi-
cals. 2. Protoplast method (HELIX enzymatic destruction)". 
KEDVES, TOTH and FARKAS (1993) emphasized that the large globular units de-
scribed first by KEDVES, ROJIK and VÉR (1991) can be equated with the recently disco-
vered fullerenes. 
KEDVES, TOTH and VÉR (1993) presented first the radial fivefold rotation, and the 
term of the rotation areas was introduced, and alterations and secularities of the rotation 
areas, and thé importance of the extra-areal secondary points of symmetries were pub-
lished as a preliminary report. 
VÉR (1994) used the LM method to investigate the acceptance of different stains of 
the Botryococcus colonies from Pula, and she emphasized, that this method is suitable to 
establish the degrees of maturity of the organic components of the colonies. 
KEDVES, TÓTH and VER (1993, 1995) published in detail the radial fivefold rotation 
method on the partially degraded quasi-periodic biopolymer structures of the wall of 
Botryococcus colonies isolated from the Alginite of Pula. For the first time two kinds of 
radial rotations were elaborated. In this paper the rotation area was also published secu-
lar alterations in the size and the shape of the rotation areas were established. 
KEDVES, TRIPATHI, VÉR, PÁRDUTZ and ROJIK (1998) carried out new symmetry ope-
rations on a partially degraded and fragmented colony of Botryococcus braunii KÜTZ. 
On this fragment the quasi-periodic and quasi-equivalent biopolymer structures were 
established. Our pentagon biopolymer units were chosen from the bordering zone of 
these two kinds of symmetries. Different relationships were established between the 
quasi-crystalloid and quasi-equivalent biopolymer system. After partial degradation with 
2-aminoethanol and merkaptoethanol for 30, 60, 90 and 150 days the molecular system 
sensu strictu was dissolved. 
Materials and Methods 
The investigation material came from Pula from the collection of Prof. Dr. M. 
HETENYI. 
The partial dissolution and degradation experiments were made in the Cell Biological 
and Evolutionary Micropaleontological Laboratory as follows: 
3 mg dry Botryococcus colonies were used for each experiment, at 30 °C temperature. 
AKP-99-1. - 3 mg Botryococcus colony + 1 ml 2-aminoethanol, length of time 24 h. 
AKP-99-2. - 3 mg Botryococcus colony + 1 ml 2-aminoethanol, length of time 48 h. 
AKP-99-3. - 3 mg Botryococcus colony + 1 ml 2-aminoethanol, length of time 72 h. 
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AKP-99-4. - 3 mg Botryococcus colony + 1 ml 2-aminocthanol, length of time 24 h, af-
ter washing + 10 ml KMn04 1%, length of time 24 h. 
AKP-99-5. - 3 mg Botryococcus colony + 1 ml 2-aminoelhanol, length of time 48 h, after 
washing + 10 ml KMn04 1 %, length of time 24 h. 
AKP-99-6. - 3 mg Botryococcus colony + 1 ml 2-aminoethanol, length of time 72 h, after 
washing + 10 ml KMn04 1%, length of time 24 h. 
AKP-99-7. - 3 mg Botryococcus colony + 1 ml 2-aminoethanol, length of time 24 h, af-
ter washing + 1 ml merkaptoethanol, length of time 24 h. 
AKP-99-8. - 3 mg Botryococcus colony + 1 ml 2-aminoethanol, length of time 48 h, af-
ter washing + 1 ml merkaptoethanol, length of time 24 h. 
AKP-99-9. - 3 mg Botryococcus colony + 1 ml 2-aminoethanol, length of time 72 h, af-
ter washing + 1 ml merkaptoethanol, length of time 24 h. 
For LM investigations the colonies were mounted in glycerine-jelly, hydrated at 
39.6%. For SEM investigations the dry organic material was covered with gold-
palladium, the pictures were taken in the SEM Laboratory of the Department of Botany 
of the University of Szeged on a Hitachi S-2400 instrument, resolution about 40 Á. For 
TEM investigations the partially dissolved and degraded colonies were embedded in 
Araldite without fixation with 0 s 0 4 aq. dil. The TEM studies were made in the EM 
Laboratory of the Institute of Biophysics of the Biological Research Center of the Hun-
garian Academy of Sciences. For the ultrathin sections Porter Blum ultramicrotome with 
glass knives was used. The TEM photographs were taken on a Zeiss EM-902 (resolution 
2-3 Á) and on a Tesla BS-540, resolution 6-7 Á. 
Results 
In Plate 5.1. non-experimental LM (fig. 1) and TEM (fig. 2) picture represents the 
basic morphology and ultrastructure of the Botryococcus braunii colonies isolated from 
the alginite of Pula. The light microscopical picture well illustrate the relatively long 
pedunculus and the cupules. The basic ultrastructure of the well preserved non-
experimental wall is compact with tiny holes and sometimes differences in the electron 
affinity of the outer wall are illustrated (Plate 5.1., fig. 2). To the latter mentioned pic-
ture on the negative of a previously published (KEDVES, 1983) matter was used. 
As a basic comprehensive material we publish again a TEM picture (Plate 5.2.) of the 
partially degraded and fragmented wall of the Botryococcus colonies, which was first 
published by KEDVES, ROJIK and VÉR (1991). Later it was pointed out that the large 
globular biopolymer units may be modelled with the fullerenes. 
The diameter of the smaller globular units was measured recently, the results are as 
follows: 
20 24 28 32 36 40 44 48 52 56 60 A 
21.4 20.0 12.9 11.4 7.0 8.6 3.6 5.7 2.9 3.6 2.9 % 
The diameter of the large globular units is about 224 - 240 Á. 
1. LM results 
Experiments: AKP-99-1-3 (Plate 5.3., figs. 1-3) 
After partial dissolution with 2-aminoethanol during 1-2-3 days no important alterations 
were established in the light microscopical morphology. The only thing is, that'this method 





Experiments: AKP-99-4-6 (Plate 5.3., figs. 4-6) 
The oxidation after partial dissolution with 2-aminoethanol resulted in important al-
terations in the light microscopy of the colonies. The gradual degradation of the outer 
part of the colonies is well shown in pictures 4,5,6 in Plate 5.3. The inner part of the 
colonies is very dark, sometimes dark granules are present in the outside cupules of the 
colonies. 
Experiments: AKP-99-7-9 (Plate 5.3., figs. 7-9) 
The effect of the merkaptoethanol after 2-aminoethanol is well shown by the LM 
method too. A peculiar dissolution may be established, the walls of the cupules is not so 
characteristic in comparison with the experiment AKP-99-1 (Plate 5.3., fig. 1). Electron 
dense particles may be observed in the cupules in picture 7 of Plate 5.3. 
2. EM results 
Experiment: AKP-99-1 (Plate 5.4., figs. 1,2, plate 5.5., figs. 1,2) 
SEM pictures (Plate 5.4., figs. 1,2) illustrate well the surface of the cupulae and the 
outer part of the wall. Remnants of the mucilage are well shown. Alterations in the ultra-
structure of the wall were established with the transmission electron microscopical 
method (Plate 5.5., figs. 1,2). In the picture of low magnification (Plate 5.5., fig. 1) 
different kinds of electron dense particles were observed. These are granular, units sepa-
rated or in linear or irregular arrangement (Plate 5.5., fig. 2). The general survey of this 
substance of the partially degraded wall is spongy. 
Plate 5.1. 
1,2. Botryococcus braunii KUTZ. noil experimental colonies. 
1. LM picture of a colony. Illustrated are the relatively long pedunculus and the lateral view of the cu-
pules. Slide: Pula-II-00-1, 1.200x. 
2. TEM picture of the colony. Negative No: 3009, 2.500x. 
Plate 5.2. 
Biopolymer structure of the partially degraded and fragmented wall of Botryococcus braunii KOTZ. Experi-
ment No: 925, negative No: 0596, 250.000x. 
Plate 5.3. 
1-9. Botryococcus braunii KOTZ. LM pictures of the partially degraded colonies. 
L Experiment No: AKP-99-1. 
2. Experiment No: AKP-99-2. 
3. Experiment No: AKP-99-3. 
4. Experiment No: AKP-99-4. 
5. Experiment No: AKP-99-5. 
6. Experiment No: AKP-99-6. 
7. Experiment No: AKP-99-7. 
8. Experiment No: AKP-99-8. 
9. Experiment No: AKP-99-9. 
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Experiment: AKP-99-2 (Plate 5.4., figs. 3-5, plate 5.5., figs. 3,4). 
The magnified SEM pictures (Plate 5.4., figs. 4,5) illustrate globular units on the sur-
face. The diameter of these units is as follows: 
20 30 40 50 60 70 80 90 100 A 
28.6 22.1 7.8 14.3 7.8 6.5 9.0 2.6 1.3 % 
It seems that based on the diameter the superficial globular units may be classed into 
two groups: 1. 20-30 A , 2. 50-100 A. This difference is well illustrated in picture 5, 
Plate 5.4. In the TEM pictures within the cupules electron dense particles were observed 
which may be remnants of the kerogens, e.g. fig. 3, in Plate 5.5. Not characteristic 
lamellar structure was also observed. On the highly magnified pictures (Plate 5.5., fig. 4) 
electron dense granular structures were also observed in the less electron dense sub-
stance. 
Experiment: AKP-99-3 (Plate 5.4., figs. 6-8, plate 5.5., figs. 5,6) 
In the highly magnified SEM pictures lamellar structures in the wall of the cupules 
(Plate 5.4., fig. 7) and destruction of the superficial layers were observed (Plate 5.4., fig. 
8). Characteristic superficial globular units were not observed in contrast to the previous 
experiment. Based on the transmission electronmicroscopical results the degradation of 
the wall is advanced (Plate 5.5., figs. 5,6). There are globular electron dense particles in 
the wall of the cups (Plate 5.5., fig. 6). 
Experiment: AKP-99-4 (Plate 5.6., figs. 1-3, plate 5.7., figs. 1,2) 
The surface of the cups is more or less smooth, with remnants of the mucilage or 
other organic debris (Plate 5.6., fig. 3). Occasionally not so characteristic lamellar wall 
structure was observed (Plate 5.6., fig. 2). The lamellar structure of the wall is well 
illustrated on the TEM pictures (Plate 5.7., fig. 1). There are differences in the electron 
density of the lamellae. The different organization levels of the molecular structure are 
well shown in the highly magnified pictures (Plate 5.7., fig. 2). The per cents of the 
diameter of the globular units are as follows: 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 A 
1.4 19.8 18.0 27.0 9.5 6.7 4.0 - - - 2.7 4.0 2.7 - - - 1.4 1.4 - - 1.4 % 
This experiments was the best for molecular symmetry operations, which will be 
made in the future. 
Experiment: AKP-99-5 (Plate 5.6., figs. 4-6, plate 5.7., figs. 3,4) 
Based on the SEM data the lamellar structure of the wall is not characteristic. (Plate 
5.6., fig. 5). In the highly magnified SEM pictures the larger globular molecular units 
are well presented. 
The percentages of the different diameter of the globular units are the following: 
20 30 40 50 60 A 






I -8. Botryococcus braunii KOTZ. SEM. pictures of the partially degraded colonies. 
1,2. Experiment No: AKP-99-1. 
3-5. Experiment No: AKP-99-2. 
6-8. Experiment No: AKP-99-3. 
Plate 5.5. 
1 -6. Botryococcus braunii KuTZ. TEM pictures of the partially degraded colonies. 
1,2. Experiment No: AKP-99-1. 1. Negative No: 7085, 15.000x, 2. Negative No: 7806, 50.000x. 
3,4. Experiment No: AKP-99-2. 3. Negative No: 7773. 5.000x, 4. Negative No: 7774, 15.000x. 
5,6. Experiment No: AKP-99-3. 5. Negative No: 7778, 5.000x, 6. Negative No: 7776, 50.000x. 
Plate 5.6. 
1 -9. Botryococcus braunii KOTZ. SEM pictures of the partially degraded colonies. 
1-3. Experiment No: AKP-99-4. 
4-6. Experiment No: AKP-99-5. 
7-9. Experiment No: AKP-99-6. 
The TEM pictures illustrate well the characteristic lamellar ultrastructure of the wall 
(Plate 5.7., fig. 3). The kerogen content of the cup was also observed. There are diffe-
rences in the electron density in this organic content. Worth of mentioning is, the degra-
dation of the molecular system (Plate, 5.7., fig. 4). The diameters of the more or less 
well preserved globular units are as follows: 
2 3 4 5 6 7 8 9 '10 11 12 13 14 15 16 17 18 19 A 
11.5 16.3 21.2 24.0 2.9 4.8 5.8 3.8 3.8 1.0 - - - 1.0 1.9 - 1.0 1.0 % 
Experiment: AKP-99-6 (Plate 5.6., figs. 7-9, plate 5.7., figs. 5,6) 
Autospores are illustrated in the general survey SEM pictures (Plate 5.6., fig. 7). The 
globular biopolymer structures of the surface are well shown in the highly magnified 
SEM pictures. The percentages in the size are as follows: 
20 30 40 50 60 70 80 90 100 110 120 A 
13.3 26.2 18.9 15.1 12.0 6.9 4.4 1.3 1.3 - 0.6 % 
The general survey TEM picture illustrates well the lamellar system of the cups. The 
electron density of the different lamelles are characteristic. In some part of the ultrathin 
sections globular biopolymer units of different size were measured. The percentages of 
the diameter of the smaller globular units are as follows: 
20 30 40 50 60 70 A 
0.5 14.1 36.7 35.0 9.2 4.5 % 
Based on the measurement of few large globular units, the diameter is about 210-250 A. 




Autospores are illustrated in the general survey SEM pictures (Plate 5.8., fig. 1). The 
highly magnified superficial pictures illustrate more or less smooth surface with some 
organic debris (Plate 5.8., figs. 2,3). In the low magnified TEM picture more or less 
homogeneous wall was observed (Plate, 5.9., fig. 1). Highly magnified TEM picture 
revealed the different kinds of molecular systems. The size of the globular units is as 
follows: 
3 0 4 0 50 60 7 0 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 A 
10.0 6 .0 12.0 10.0 2.0 10.0 10.0 4 .0 12.0 4.0 12.0 - 2.0 - - - - 4.0 - 2 .0 % 
Experiment: AKP-99-8 (Plate 5.8., figs. 4-6, plate 5.9., figs. 3,4) 
Autospores are well seen in the general survey SEM picture (Plate 5,8., fig. 4). In the 
highly magnified pictures perforations in the inner, third cup were observed. The dia-
meter of these perforations is as follows: 
20 30 40 50 60 70 A 
9.7 20.2 41.1 21.0 6.4 1.6 % 
The superficial ornamentation of the cell cup or the cup content are illustrated in 
picture 5 and 6, plate 5.8. The diameter of the ornamental elements is 150 - 290 A, ave-
rage 216 A. 
There are perforations on the ornamental elements of 10 - 20 A in size. 
The general survey TEM picture illustrates a more or less homogeneous wall with 
sirrah electron dense particles. There are globular or elongated electron dense small 
particles (Plate 5.9., fig. 3). In the highly magnified picture globular biopolymer units 
are well presented, the degradation of the larger globular units is well shown (Plate 5.9., 
fig-4). 
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 .„A 
7 34 22 11 10 .3 4 3 3 - - I - - - 1 - - - 1 % 
Plate 5.7. 
1 -6. Botryacoccus braunii KUTZ. TEM pictures of the partially degraded colonies. 
1,2. Experiment No: AKP-99-4. 1. Negative No: 7769, 15.000x. 2. Negative No: 8623, 500.000x. 
3,4. Experiment No: AKP-99-5. 3. Negative No: 7767, 15.000x. 4. Negative No: 8620, 1.000.000x. 
5,6. Experiment No: AKP-99-6. 5. Negative No: 7784, 5,000x. 6. Negative No: 7751, 1 OO.OOOx. 
Plate 5.8. 
1 -9. Botryacoccus braunii KOTZ. SEM pictures of the partially degraded colonies. 
1 -3. Experiment No: AKP-99-7. 
4-6. Experiment No: AKP-99-8. 
7-9. Experiment No: AKP-99-9. 
Plate 5.9. 
1-6. Botryacoccus braunii KOTZ. TEM pictures of the partially degraded colonies. 
1,2. Experiment No;. AKP-99-7. I. Negative No: 7763, 15.000x. 2. Negative No: 8616, l.OOO.OOOx. 
3,4. Experiment No: AKP-99-8. 3. Negative No: 7759, IS.OOOx. 4. Negative No: 8612, l.OOO.OOOx. 
5,6. Experiment No: AKP-99-9. 5. Negative No: 7754, SO.OOOx. 6. Negative No: 8608, l.OOO.OOOx. 
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Experiment: AKP-99-9 (Plate 5.8., figs. 7-9, plate 5.9., figs. 5,6) 
Autospores are illustrated in the general survey SEM picture (Plate 5.8., fig. 7). Not 
so characteristic lamellar structure of the cups and different kinds of organic remnants 
on the surface are illustrated in the highly magnified SEM pictures (Platè 5.8., figs. 8,9). 
The degradation of the biopolymer structure of the wall may be emphasized on the basis 
of the highly magnified TEM picture (Plate 5.9., fig. 6). 
Discussion and Conclusions 
1. In the first place it is necessary to emphasize the heterogeneous character of our 
experimental material. Differences are in the ontogenetic stages of the colonies, in this 
way the molecular system is different, consequently the alterations during the sedimen-
tation processes are also different. Of course this has an effect on the results of the ex-
periments. This problem was emphasized by GUY-OHLSON and LFNDQVLST (1990), too, 
and illustrated with SEM pictures from Botryococcus colonies of different stages of 
development and state of preservation. The new results concerning the molecular system 
are also worth of mentioning at this question, namely the biopolymer of these Algae is 
named PRB (Polymère Resistant de Botryococcus) LARGEAU, CASADEVALL, KADOURI 
and METZGER (1984) , DERENNE, LARGEAU and CASADEVALL ( 1 9 9 1 ) , a l g a e n a n ; cf. 
TEGELAAR, DE LEEUW, DERENNE and LARGEAU (1989) , LARGEAU, DERËNNE, 
CASADEVALL et al. (1990) , BRENNER, (1998) , DE LEEUW, VAN BERGEN et al . ( 1 9 9 1 ) 
botryococcene highly unsatured isoprenoid hydrocarbons (DUBREUIL, DERENNE, 
LARGEAU et al. (1989), respectively botryococcane (fossil biopolymer) to distinguish 
from the other sporopollenin type biopolymer systems (e.g.: DERENNE, LARGEAU, 
CASADEVALL and CONNAN ( 1 9 8 8 a ,b) , DUBREUIL, DERENNE, LARGEAU et al . (1989) , 
BRENNER (1998) , e tc . ) . 
2. Our LM results on the non-coloured colonies may be summarized as follows: The 
2-aminoethanol (experiments AKP-99-1-3) "cleaned" the surface of the cups. The oxi-
dation with KMn04 (experiments AKP-99-4-6) revealed dark content within the cups. 
Finally the experiments AKP-99-7-9, by 2-aminoethanol and merkaptoethanol resulted 
in not so characteristic degradations on the cups. 
3. As regards the EM results in the first place it is necessary to emphasize that there 
are very important methodical differences and problems. The TEM pictures were taken 
with instruments of 6-7 À, respectively 2-3 À, and the colonies were embedded without 
0 s 0 4 aq. dil. postfixation. The resolution of the used SEM instrument is about 40 A, and 
the material of investigations was covered with gold-palladium. We need to point out 
these basic methodical problems, together with the heterogeneous character of our ex-
perimental material, however we try to start the evaluation of the data obtained by dif-
ferent methods. We know well that the present day conclusions will be modified or 
changed in the future based on the new SEM data of instrument with more much better 
resolution (below 10 A) and without metal covering. 
3.1. SEM results: 
3.1.1. The degradation of the mucilage started with the dissolution with 2-
aminoethanol during 24 h. 
3.1.2. Superficial lamellae respectively and different cups respectively were observed 
at different kinds of experiments (Plate 5.4., fig. 7, plate 5.6., fig. 2, plate 5.8., fig. 8). It 
seems that in this case the maturity or the diagenesis of the colonies is an-important 
factor in this result. DERENNE, LARGEAU, HETÉNYI et al. (1997) based on the SEM in-
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vestigations of the untreated colonies of Botryococcus braunii from Pula distinguished 
thick multilayered, and thinner and less layered outer walls. 
3.1.3. Larger biopolymer globular systems were observed in the first place after the 
combined degradation with 2-aminoethanol and KMn0 4 (Plate 5.6., figs. 6,8,9) but 
occasionally with 2-aminoethanol only during 48 hours (Plate 5.4., fig. 5). Perforations 
of the cup and ornamentation of the surface of the probably kerogen content of the cell 
cup was observed till this time at one experiment. 
3.2. TEM results 
Characteristic lamellar ultrastructure of different electron density was observed after 
experiments with 2-aminoethanol and KMn04 (Plate 5.7., figs. 1,3,5). The organization 
of the cups (first, second and third) may be well recognized (cf. BATTEN and GRENFELL, 
1996). Different kinds of electron dense particles were observed within the wall of the 
cups in the first place at the experiments AKP-99-1 -3, and 8. 
4. Evaluation of the different organization levels of the globular biopolymer struc-
tures investigated by different methods. 
4.1. The largest globular structures of diameter more than 130 A. 
4.1.1. TEM data of partially degraded and fragmented colonies (KEDVES, ROJIK and 
VÉR, 1991): 224-240 Â. 
4.1.2. TEM data of the ultrathin sections of experiment AKP-99-6: 210-250 Â. 
4.1.3. TEM data of the ultrathin sections of experiment AKP-99-7: 150-220 A. 
4.1.4. TEM data of the ultrathin sections of experiment AKP-99-8: 130-220 A. 
4.1.5. SEM data of experiment AKP-99-8: 150-290 A. 
4.1.6. For comparison we use the SEM data of the protectum of Caesalpinia jcipo-
nica published by TAKAHASHI (1993, fig. 7, p. 196). The diameter of the globular units 
is as follows: 
142.9 190.5 238.1 285.7 333.3 380.9 A 
14.1 38.8 24.8 14.9 4.1 3.3 % 
These sporopollenin units are more or less in the category of our above discussed 
botryococcane biopolymer unit. 
4.2. Globular structures of 20-130 A diameter. 
4.2.1. TEM data of the partially degraded and fragmented colonies (KEDVES, ROJIK 
and VÉR, 1991): 20-60 A. These units are building elements of the above mentioned 
larger globular units. 
4.2.2. TEM data of the ultrathin sections of experiment AKP-99-7: 30-130 A. 
4.2.3. SEM data of experiment AKP-99-2: 20-100 A. 
4.2.4. SEM data of experiment AKP-99-5: 20-60 A. 
4.2.5. SEM data of experiment AKP-99-6: 20-120 A. 
4.3. Globular structure of 2-20 A. 
4.3.1. TEM data of the ultrathin sections of experiment AKP-99-4: 2-23 A. 
4.3.2. TEM data of the ultrathin sections of experiment AKP-99-5: 2-19 A. 
The investigation of the further experiments is in progress. Trends in the altera-
tions of the biopolymer structures may be established based on the following data. 
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6. CHLOROPLAST THYLAKOID MEMBRANES IN THE INTINE OF 
RAGWEED POLLEN GRAINS AS A POSSIBLE CONSTITUENT IN THE 
BIOSYNTHESIS OF ITS EXTREME ALLERGENIC ANTIGENS 
M . KEDVESI and A . PÂRDUTZ2 
1. Cell Biological and Evolutionary Micropaleontological Laboratory of the Department of Botany of 
the University of Szeged, H-6701, P.O. Box 993. Szeged, Hungary. 2. Institute of Biophysics, Biological 
Research Center of the Hungarian Academy of Sciences H-6701, P.O. Box 521, Szeged, Hungary 
Abstract 
During our experimental Transmission Electron Microscope (TEM) investigations on the partially dis-
solved ragweed pollen grains chloroplasts were found in the intine. Till this time chloroplasts or other kind of 
plastids were not observed in the pollen wall. On the surface of the thylakoid membranes different kinds of 
molecular organizations were observed which may be important in the biosynthesis of antigens. But as an 
alternative hypothesis it must be mentioned, that the products of assimilation are factors of extreme allergenic 
character of ragweed pollen grains. The accumulation of extreme allergenic antigens, mainly antigen E in the 
wall (intine) of ragweed pollen grains have been described by several authors. Direct contact come with the 
intine of the pollen grains and the mucosa of the human respiratory organs. In consequence of the body 
temperature and the moist surface of the respiratory passages pollen tube development begins and the anti-
gens enter the human cells. 
Key words: Ragweed pollen, experimental ultrastructure, allergenic antigens. 
Introduction 
The extreme allergenic character of the antigens of ragweed pollen grains was 
pointed out, in the first place, in aeropalynological papers. GRATER and STEMEN (1967) 
emphasized, that among the numerous pollen forms the antigenic agents of ragweed 
have been the most intensive studied. Based on the paper of O'ROURKE (1996), Ambro-
sia, with 45 species is the most important aeroallergen in North America. Two species 
(Ambrosia trifida, and A. elatior) have 52 identifiable antigens. Of these, two are acidic 
proteins and major antigens (E and K). The pollen wall (intine) localization of antigenic 
and allergenic proteins in the ragweed pollen grains was established also by several 
authors (KNOX and HESLOP-HARRISON, 1970, 1971, KNOX, HESLOP-HARRISON and 
REED, 1970, KNOX, WILLING and ASHFORD, 1972). T E M resul ts of Ambrosia po l l en 
grains were published by PAYNE and SKVARLA (1970), but acetolysed material was 
used, so the intine and the protoplasm were degraded, and the ultrastructure of the ect-
exine was described. 
During our ultrastructure studies on partially dissolved and degraded pollen grains, we 
established in the partially dissolved pollen grains of Platanus hybrida with 50% gly-
cerine, that the organelles were in an excellent preservation (KEDVES, PARDUTZ and 
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TÓTH, 1999). We have started several experiment on fresh ragweed pollen grains and 
the results of the partially, dissolved pollen grains are the most surprising. 
Materials and Methods 
Fresh ragweed pollen grains were dissolved in 50% glycerine at 30 °C, for 30 days 
the washed material was postfixed in 0 s 0 4 embedded in Araldite. The investigations 
were made on a Tesla BS-540 (resolution 6-7 A ) and Opton EM-902 (resolution 2-3 A) 
instrument. 
Results and Discussion 
At the general survey picture (Plate 6.1.) the characteristic Compositae type outer 
^vall ectexine, (ect) with spinae (sp), on the apertural area (aa), the oncus (on), the 
endexine (en), the intine (in) with some chloroplasts (chl) are well shown. The organ-
elles of the protoplasm are also well illustrated, the characteristic plasma membrane 
(pm) may be emphasized. The chloroplast of the intine is connected with the plasma 
membrane (Plate 6.1., plate 6.2., figs. 1,2). The highly magnified pictures of the chloro-
plasts were taken with Opton instrument, illustrate the characteristic thylakoid mem-
branes (Plate 6.2., figs. 1,2) with the molecular organization (Plate 6.3.). There are 
granules of different size on the membranes. 
This organization, together with chemistry and function, were described in detail in 
the cell biology or molecular cell biology handbooks, (cf. AVERS, 1986). The freze-
fractured picture from the thylakoid membranes of STAEHELIN, CARTER and 
MCDONNEL, was published in 1980. Four different membrane faces were distinguished 
with the superficial molecular systems. The function of these was described by 
BOGORAD (1981); e.g., ADP + P ATP, and further functions were established. From 
the point of view of the allergenic character of ragweed pollen grains, it is important, 
that the place of the above mentioned functions is the intine, which is also the place of 
the accumulation of the antigens. 
Plate 6.1. 
Ambrosia artemisiifolia L. General survey TEM picture from the partially dissolved pollen grains. The picture 
was taken with an instrument of 6-7 A of resolution. Experiment No: 1045. Negative no: 7542, 9.000x. 
Abbreviations: aa = apertural area, on = oncus, sp = spinae, ect = ectexine, en = endexine, in = intine, chl = 
chloroplast, pm = plasma membrane. 
Plate 6.2. 
1,2. Ambrosia artemisiifolia L. TEM pictures from the chloroplast from the intine were taken with an in-
strument of 2-3 A. Detail from the chloroplast, the plasma membrane and the protoplasm. 1. Negative no: 
7865, 80.000x, 2. Negative no: 7866, I50.000x. 
Plate 6.3. 
Ambrosia artemisiifolia L. Detail of the thylakoid membranes. The electron dense granular system, which 
jnay be identified as the superficial molecular structures of STAEHELIN, CARTER and McDONNEL 1980, after 






Taking into consideration the complex function of the thylakoid membranes it may be 
presumed, that these are in connection to the biosynthesis of the peculiar antigens of 
ragweed pollen grains. In addition we should like to point out that the products of the 
chloroplasts in the intine are factors of the reinforcement effect of the antigens. Finally, 
it is hoped that the experimental palynological method will be useful to better under-
stand the allergenic effect of the pollen grains. 
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7. TRANSMISSION ELECTRON MICROSCOPIC STUDIES ON PARTIALLY 
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Abstract 
Pollen grains of Phoenix sylvestris L. were partially degraded with (he help of 2-aminoethanol and potas-
sium permanganate and were investigated with the TEM. Six stages of degradation in pollen wall were studi-
ed. Linear and cyclic molecules arranged in pentagonal and hexagonal symmetry were observed in the deg-
raded ectexine. On the tectal surface more or less radially oriented linear molecules were observed. The 
strongest degradation was achieved after treating the pollen with 2-aminoethanol for 72 hours and with 
aqueous diluted KMnOi for 24 hours. 
Key words: Palynology, Phoenix sylvestris, experimental TEM. 
Introduction 
i * 
Extant pollen of Phoenix sylvestris L. from India were investigated to observe the molecu-
lar structure in partially degraded exine. Significance of these studies lies in observing the 
resistance of fossil pollen exines at the time of diagenesis. Pollen grains having affinity with 
those of recent palms are profusely recorded in Tertiary sediments over the world. Experi-
mental studies on recent palm pollen of Phoenix sylvestris were carried out to note the 
changes in exine at molecular level as a result of treatment with 2-aminoethanol. Recent ex-
periments have shown that changes in exine molecules largely depend upon the resistance of 
pollen walls which varies considerably from species to species (KEDVES and GÁSPÁR, 
1994a,b, KEDVES et al., 1998, etc.). Also, the resistance of different layers of exine is variable 
and differential degradation can be achieved by using chemicals at various stages (FAEGRI, 
1956, SOUTHWORTH, 1974, 1985a,b, 1986a,b, ROWLEY, 1978, 1990, 1995, ROWLEY and 
PRUANTO, 1977, AUDRAN, 1981, ABADIE, HIDEUX and ROWLEY, 1986-1987). 
Present study was undertaken as a collaborative research under the Exchange of Sci-
entist Programme between Hungarian Academy of Sciences, Budapest and Indian Na-
tional Science Academy, New Delhi. 
Materials and Methods 
The polleniferous material for investigation was collected from plant growing in natu-
ral habitat in eastern Uttar Pradesh, India. For each experiment 5 mg pollen-material was 
used. Details of the experiments are as follows: 
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1/7 - 1314 1 ml 2-aminoethanol, duration 24 hours 
1/7 - 1315 1 ml 2-aminoethanol, duration 48 hours 
1/7 - 1316 1 ml 2-aminoethanol, duration 72 hours 
1/7 - 1317 1 ml 2-aminoethanol, duration 24 hours 
10 ml 0.01 M KMn04 , aq. dil., duration 24 hours 
1/7 - 1318 1 ml 2-aminoethanol, duration 48 hours 
10 ml 0.01 M KMn04 , aq. dil., duration 24 hours 
1/7 - 1319 1 ml 2-aminoethanol, duration 72 hours 
10 ml 0.01 M KMn04 , aq. dil., duration 24 hours 
Temperature for all experiments was 30 °C. 
For TEM investigations the degraded pollen grains were fixed with 0 s 0 4 aq. dil., de-
hydrated and embedded in Araldite (Durcupan, Fluka). The ultrathin sections were made 
on Porter Blum ultramicrotome in the Electron Microscopy Laboratory of the Institute 
of Biophysics, Biological Research Center of the Hungarian Academy of Sciences, 
Szeged. The microphotographs were taken on Opton EM - 902 (resolution 2-3 A ) and 
on Tesla BS - 540 (resolution 6-7 A). 
Results 
Experiment No. 1/7- 1314 (Plate 7.1., plate 7.2., figs. 1,2) 
Degradation of protoplasm started. Protoplasmic exudation through the aperture is ob-
served. Electron dense granular areas are clearly discernible in the protoplasmic contents. 
Characteristic light zone, probably at the place of intine, noticeable between the degraded 
ectexine and the protoplasm. Degradation of ectexine also started (Plate 7.2., fig. 2). 
Experiment No. 1/7 - 1315 (Plate 7.2., figs. 3,4) 
Degradation of protoplasm, as observed after the previous experiment, is noticed. 
Ectexine degradation is a little advanced. Sometimes fine granular structures are in the 
tectum (Plate 7.2., fig. 4). 
Experiment No. 1/7 - 1316 (Plate 7.3., figs. 1-3., plate 7.4., fig. 1) 
Protoplasm is completely destroyed and partial degradation of ectexine is noticed. 
The degraded ectexine at this stage enables the study of different kinds of molecular 
arrangements in the sporopollenin. Linear and cyclic molecules arranged in pentagonal 
or hexagonal symmetry are clearly observed (Plate 7.3., fig. 3). 
On tectal surface more or less radially oriented linear molecules are observed (Plate 
7.3., fig. 2). In Angstrom dimension several kinds of biopolymer units are also observed. 
Regular pentagonal unit in Angstrom dimension is observed (Plate 7.4., fig. 1). 
Experiment No. 1/7 - 1317 (Plate 7.4., figs. 2-4, plate 7.5.) 
The molecular structure and the larger biopolymer units are seen. Large number of 
cyclic structures are noticed at the tectal surface (Plate 7.4., fig. 3). Different kinds of 
cyclic molecules and cluster of molecules are also sefen (Plate 7.5). Biopolymer struc-
tures in Angstrom dimension are not observed. Disintegration of molecular system is 
observed in some parts. 
Experiment No. 1/7 - 1318 (not illustrated) 
Results of this experiment are identical to those of the previous experiment. 






The strongest degradation is observed. Several linear molecular structures were also 
noticed (Plate 7.6., fig. 3) which may be part of the stabilizing molecular system of the 
metastable quasi-crystalloid skeleton. Remnants of the biopolymer skeleton in Angstrom 
dimension is also seen (Plate 7.6., fig. 2). 
Discussion and Conclusions 
Degradation of exine with the help of 2-aminoethanol has resulted into observation of 
substructures below the surface of sporopollenin (SOUTHWORTH, 1974, ROWLEY, 1995, 
ROWLEY et al., 1981). These substructures are radially oriented and are disposed at right 
angles to the lamellations of the endexine in gymnosperms and angiosperms and exo-
spores of pteridophytic spores (ROWLEY, 1995). Experimental studies have demon-
strated two levels of degradative resistance in different components of the exine as a 
response to various chemical treatments. The polymerization level of sporopollenin may 
be one of the reasons for differential resistance between new and old components of 
exine. Exine of mature pollen when dissolved in 2-aminoethanol results into separation 
of dializable autofluorescent sporopolleninous component and non-dializable in situ 
filamentous or fibrillar fraction. With use of preferential staining methods the filamen-
tous fraction, termed as glycocalyx elements, has been demonstrated to be composed of 
polysaccharides and proteins. The fibrillar elements of the pollen wall get encapsulated 
by the sporopollenin giving rise to characteristic exinal morphologies. Degradation of 
exine with 2-aminoethanol at low temperature enables the study of biopolymer struc-
tures and their arrangement as it does not completely erode the sporopolleninous com-
ponent. 
Plate 7.1. 
Phoenix sylvestris L. 
Experiment No. 1/7 - 1314. Ultrastructure microphotograph of the pollen grain. Negative no: 7056, 7.500x. 
Plate 7.2. 
Phoenix sylvestris L. 
1,2. Experiment No. 1/7 - 1314. 
1. Details of the partially degraded exine and protoplasm. Negative no: 7059, 50.000x. 
2. Highly magnified part of exuding protoplasm. Negative no: 7057, 50.000x. 
3,4. Experiment No. 1/7 - 1315. 
3. Details of the ultrastructure of the pollen grains. Negative no: 7087, IS.OOOx. 
4. Details of the ultrastructure of the ectexine. Negative no: 7085, 50.000x. 
Plate 7.3. 
Phoenix sylvestris L. 
1-3. Experiment No. 1/7-1316. 
1. Biopolymer units of the partially degraded ectexine. Negative no: 7096, I50.000x. 
2. Superficial molecular structures of the tectum. Negative no: 7078, l.OOO.OOOx. 
3. Molecular structure of the ectexine. Highly, magnified, showing details of fig. 1. 
.Negative no: 7077, 250.000x. 
98 
During the present study biopolymers were observed in the ectexine when pollen 
grains were treated with 2-aminoethanol coupled with mild heating at 30 °C and without 
using potassium permanganate. In some experiments (1/7 - 1317 to 1/7 - 1319) dil. 
aqueous KMn04 was also used. Studies have demonstrated that the organization of the 
molecules is mostly cyclic but linear structures are also observed (Plate 7.3., fig. 3). 
These structures are arranged in pentagonal or hexagonal symmetries. Some elongated 
structures were also noticed which are possibly helical in nature (Plate 7.3., fig. 2). 
Regular pentagonal molecules in Â dimension will enable the study of symmetry in 
biopolymer organization. Highly organised structures and clusters of molecules were 
observed (Plate 7.5). Results of the present study indicate that the sporopollenin in ect-
exine is comparatively resistant. The TEM studies document that ectexine of fossil and 
recent Palm is compact and homogeneous (THANIKAIMONI, 1970, HARLEY, 1990, 
FERGUSON and HARLEY, 1993, ZAVADA, 1983). Our study has confirmed these results. 
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Plate 7.4. 
Phoenix sylvestris L. 
1. Experiment No. 1/7 - 1316. Regular pentagonal biopolymer unit. Negative no: 7083, 2.000.000x. 
2-4. Experiment No. 1/7- 1317. 
2. Details of partially degraded ectexine. Negative no: 7084, 150.000x. 
3. Superficial biopolymer structure. Negative no: 7089, 150.000x. 
4. Details of partially degraded ectexine. Highly magnified part of figure 2. Negative no: 7085, 250.000x. 
Plate 7.5. 
Phoenix sylvestris L. 
Experiment No. 1/7 - 1317. Molecular system of different organization levels of the partially degraded ec-
texine. Negative no: 7088, 2.000.000x. 
Plate 7.6. 
Phoenix sylvestris L. 
1-3. Experiment No. 1/7 - 1319. 
1. Ultrastructure and biopolymer system of the partially degraded ectexine. Negative no: 7097, 150.000x. 
2. Biopolymer units of the partially degraded ectexine. Negative no: 7099, 1 .OOO.OOOx. 
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